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THB EFFECT OP SAWDUSt ON THE OP-!AIE OF NITROGEN, 
PHOSPHORUS, AND POTASSIUM BI STRAWEBBllJ PLANTS 

INTRODUCTION 

Organic mulches have Deftr been used exteneiwly as a atbod 

ot soU management, du8 to the lack of low cost readily available 

materials. It llUst be aseu.d that 8Jl1' aaterial used as a. surface 

au.loh will sooner or later be incorporated into the soil and 

ahould have a favorable effect, on the phfsical, cheaioal, or 

biological properties ot the soil. BarDprd u.nure, grain straw, 

peat aose, and leans haw been de.onstrated to have value aa 

mulching materials. However, it is beco•ing increasingly diffi­

cult to find these aaterials in sufficient quantit7, free of weed 

eeeds, to meet the deunds for mulching and soil conditioning prac­

tices. 

The strawberr;r was used in this experiment as an indicator 

plant to stud7 the effect of sawdust. The preparator7 soU treat­

•nt for strawberries usuall.y in"t''lves the uaa of organic liatter, 

which is supplied b,y appllcations or manure or crop residues or b,y 

plowing under cover crops. The• organic materials prortde ferti­

lity, :iaprcmt the physical properties of the soU, promote the 

activity of beneficial soil organisas and increase the water• 

holding capacity of the soU. 



2 

There 1s ample experimental evidence recorded by this and 

other experiment stations as to the benefits derived from use of 

organic mulches 1n the culture of numerous specialty crops. The 

small fruit grower is especially interested in the feasibllity ot 

mulches for his crops. Orchardists in parts of the state are ex• 

per.i.-nting with sawdust and other aaterials to improve tha 

structure of their orchard ao1la. 

Here in the lorthweat, where lUilbering 1.1 a maJor industry, 

the question ot using by'•products ot lwlbering, of' which aawdut 

is the principal one, tor soU treataent 1e beCOiliDg of increaaina 

oonoern. Products of West Coast aUla in the fora of alder, bea­

look and fir eawduat, abredded fir Uld redwood -k, cedar ad p1De 

ahaTiqa, shingle tow, and lignin fesidues are beiDg offend tor 

aale ae JIUlcbea and aoU conditioner•· 

A BtudT to deteraine Ml"e acourateq the value ot such 1IOOd 

wutea, eapecially when use<l u mulches and eoll ameDdaenta1 lhoulcl 

be coDduoiw to their consenation end 110re eff'eotin utilization, 

partioularq since ·orobarding, aall tndt and nurae17 atook pro­

duction in Western Oregon lend theuelves to these practices. It 

:I.e blportant 1n using some ot these materials to understand tbe1r 

limitations and tbe Mthods of using thea to beat adTantap. 

PreUw1nar;y in.-estigationa b7 the Orepn Agricultural 

lxpertaent Station since 1944 with wood waste products ha.-e aho11A 

that these materials, it properly handled, C&n be ut111Hd u 



.W.ches and soU amendments without the deleterious effects oo1'1!MD17 

associated with these materiale. 

'l'hese experiments, principally with fir and alder sawdust 

on such crops as tomatoes, potatoes, strawberries, and blueberriea, 

baft shown that the depressive action or the sawduat on plant 

growth is the reeul.t of a def'icienoy of available nitrogen in the 

sou. The deoreaM in available nitrogen ia oauaed b;r aicroorcan• 

iaas that d.eoompoM the sawdust, using all available nitrogen in 

their lite procesees. When aupple•n:ted with some aource ot readil.7 

aft1lable nitrogen, the ill effects or nitrogen depreseicm are 

el '•'n•ted. The hea~ ratea of COIDIDercial nitrogen required to 

o'V'eroome this available nitrogen de~ss1on (approrlmatel.7 200 

poUDds actual nitrogen per acre where 3 !nchea ot sawdust were 

incorporated) have given best results wben balanoect with phosphate 

and potash applioatioll8. fhe nitrogen demands are conaiderabq 

greater where the sawdust 1a incorporated with the soU than when 

uaed as a surface aul.ch. The amount of nitrogen 1'18eded has beo 

found to decrease fro• yeu to year, as the low nitrogen material 

is gradual.lJ' decomposed. The growth of the plant and the tertUJ.ser 

requirem&nta during the period of sawdust decomposition 1a here 

under stud7. 

1'hia study was part of the co-operative research project 

bT the Departments ot Horticulture, Soils and Bacteriologr at the 

Oregon state College. !he objectives ot this study were to 

http:gradual.lJ


clete~ (l) the response ot the strawbe1'17 plant UDder ditterent 

sa'tldWJt treatments; (2) the rates of nitrogen tertUuer required 

tor normal plant growth when sawdust was used as mulch and soil 

amendmentJ (.3) the valM ot tbe salfttust 111 facilitating cultural 

operations, such as plaating, oultiftt1on, weed and pest control 

and han'estina; and (4) bJ analysis the nutrients, pal'tioular]1' 

nitrogen, phosphorus and potassiua 1n the varioue experiaental 

plots. This thesis deala primarilT with point tour. 



UTERATURE REVIEW 

Phyaical and cheaiaal effects of mulches •uoh as straw, hq, 

and manure have been extensiwly i:nwstigated but 'the effects ot 

sawdust on the soil bave come under -consideration. only in recent 

years. Experiments at lawkesburg Agriculture College (59, pp.73• 

76)1 over a two...,.ear period indicated that sawdust had little 

valua aa a soU iaprcmn·• Its incorporation into the soU caused 

Hrioue nitrogen deficiency in suooeecUng crops tor a coneiderable 

period. Hardwood sawdust was .ore injurious than pine snduat• 

Ill effects occurred even when such 11ater1als were used u a eur­

face liUlcb on tender plants. There was e'Videnoe that sawdust aDd 

a'm'lar materie.ls further d$pleted the soil nitrogen supply b7 the 

production ot a compound injurious to the soU nitrifying bacteria 

·and the possibU1ty that such a coapound was po1aonous to plant 

roots could not be owrlooked. 

IU.dgeq (.39, pp.27•36) pointed out that wood materiala wbeJl 

added to the soil act like other carbonaceous materials in deprea.. 

1r1g the nitrogen supply to plants. Anderson and fbom (11 pp.U5­

l26; S2, pp • .3S·48) reported that the addition of atraw and cellu· 

loee to the soil depressed tbe &"f'a1lable nitrogeD. 

1 !he maaber 1n parentheses refers to the Uteratun cited 
at the end of the theaia. 

J 
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the ezperiments carried out by Turk (35, pp.l0-22) under 

greenhouse conditions indicated that the depressive action of 

sawdust on plant growth was the result of a deficiency or nitrate• 

in the soU, The decrease in nitrates came about through the 

increase in their assimilation by soil microorganisms supplied 

with food and energ which increased their demand tor anilable 

nitrogen. Evidence was presented to show that :nitrate formation 

was not depressed bT tbe sawdust, but that the detrU.at was a 

l'88Ult ot the assimilation of nitrates after tbe7 were foi'Ed. 

lben supplaMnted with a readUy available source ot nitropn,, 

·sawdust could be added to soU without tear ot baratul etteots. 

In all the greellbouee experiments, nitrogen, whether 1n the fora 

ot dried blood, inorpnlo nitrogen or in the form ot manure, over­

cue the detrimental intlu.nce ot sawdust. Other workeJ"s (18, 

pp.303·322; 42, pp.9S..l00; S6, pp.202-2l2) bave also proved, \'IDder 

greenhouse and field conditions, that sawdUst is not baratul to 

either plant growth err the soU. llidp~ (39, pp.27·36) concludes 

tbat, while 80118 plant residues contain certain tannins, theN are 

destroJ8d by the eoil organi•s before they reain long in the 

sou. 
.Anal.11J1a has shown that sawdust has virtually no tertilli!DI 

value (55, pp.l0...22). Ita ooapoaition with respect to nitrogen, 

phosphoric acid and potash obYiouel7 variee depending upcm such 

taotors as the type ot the wood f'rOJa which it caae • age of the 

• 
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wood and the degree of rotting. fresh salldust contains, on the 

average, about 4 pounds of nitrogen (N), 2 pounds of phosphoric 

acid (f20s) and 4 poUDda of potash (120), per ton ot air-ds7 

mater1alJ this ia less than one-third the total plant nutr1enta 

u~ contained in wheat straw. lot onl.7 are nutritiw el4•nta 

low in •wdust,. but their availabillt;y is also low. Sawdust oall• 

not, therefore, be considered ae a fet"tilising •terial. 

The benefits derlwd from a1x1ng sawdust with soU or us­

ing it as a mulch are largely of a phTaical nature (2, pp.-46-47). 

Turk (55, pp.l0.22) reports that sawdust, when Iliad with bea-q 

soUs, tends to looae.n them, thereb7 lnareaaing eaM ot tUl.age 

aDd ease of water peDetration aDd·· that when ai.Dd with se.D.dy aoUs 

sawduat increases the water-holding capacity. The mulch~ 

reduoe cracking ot the soU, and in some instances, l:lmits capU­

lar7 mowment of 110isture. !be aulch J1a3' bring about an inozoeaad 

absorption of rainf'all by reduoing surface runoff. J'urtbera)re, a 

aawduat mulch f1A7 prewnt the l"tnrdng together, and the Cl'\18b.ing 

of the surface soil particles under the impact of rai.Ddropa. 

Se.vap and Darrow (44, pp.338-340) report that mulching 1n 

one form or another .ls essential to obtain the best growth of 

hi&hbu.sh blueberries 1n Northern Georgia under the prevailiDg 

conditions of high temperature and oftentiaes deficient aoil 

moisture. Sawdust BlUloh; because ot its greater power tor 

reta'n1na soil moisture by reducing surface evaporation and rwaoff, 

was by' far the beat mulch under the conditions of the experiment. 

http:hi&hbu.sh
http:pp.l0.22
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Shutak (47, p.64) found that th& saw4us't tnvlch plot signiti• 

cantq outy.l.elded other treatmenta .1n an exper1ment to study the 

effect or various cultural practices on the growth 8l.ld field of 

hlghbusb. blllttberries. file soil temperature of plots Wldet sawduat 

and straw mUlch showed little tluc>tuatton, but clean cultivated 

plots •xhibited Wge temperature fluctuation. SoU moisture ,... 

,highest un<ler sawdust. Boot develos-nt was also motte extensiw 

under IIUlches. &:>th sort and hu"dwooa sawdust were ueed SQ/l• 

cesatu:U.r• 
Bar:ris (22; pp.S2-60) found that aawd\lst was not baratul 

to strawbarrie•J 'SA fact, taking all fa:cto%1's into consideration, 

the sawdust was banef1c1al. S.sides improving the physical ccm­

ditions or the soil sawdust pre•ented heaving of the plants dur• 

ing a severe willter., 'fields of fto\lit wre increased ~~~&rkedq 

after the second year or applicati(j)n of the sawdust mulch. 

Griggs and Rollins ,(21, pp.2l3•2l8) found that 1D comparj.. 

son w;tth either olean cultivation or hay mulch, eawdust mulch gaw 

greater 7felds; lal"ger shoot growth of the strawbe1T71 and taoil1• 

tated such operations as pruning, ha.J'vestin.g and weed control. 

The ef'tecte ot sawdust on orop yields depend upon whether 

eawduet 1& applied as a surface mulch or incorporated with the 

soU, the lapse ot time after ,sawdust application, and tbe amount 

of the nitrogen applied to the crop and the kind of crop grown. 

lohnson (23, PP•407•4l2) found that when sawdut was used 

as a surface mulch, (a) the Jields ot etrawbe1'17 inCl'eaaed the 
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t1rst 79ar, (b) the nitrates were aUghtl;y depressed the f1rst 

;year and -were further depressed the second Je&r, (c) the moi8ture 

leftl. in the soil was 1ncrea"d' and (d) a more uniform soU 

temperature wa.e maintained. 

Wben sa.wdust was incorporated with the soU, (a) the ;y1el4a 

were less tor the first crop and higher tor the re1D&ining cropa 

than yields for the check, which received an equivalent appl.ica­

tion ot nitrogenJ (b) 120 poUDde of nitrogen per ao:re UMd with 

anduat produoed greater 7ields ot tomatoes the first J8&r and 

each Je&r thereafter than wae produced b7 the oheck plots reoeiY• 

ina 60 pounds of' nitrogen per acreJ (o) tbe nitrates were grea.tq 

depre...d b7 the sawdust the tirat l8 110ntha, atter which time 

they began to aoOWIIUl.ateJ aDd (d) the aoisture level in tbe soU 

waa 1Dcreased. 

Sawdust 1a an inactive type of' organic aaterial from tbe 

chellioal point or viaw and its good etf'eote are largel7 physical 

after tbe depreaaiw action is corrected. The reTiew of the 

literature indicates that aawdust can be aatisfactoriq applied 

to aoUs aontaining en adequate supply or nitrogen or if supple• 

meuted with suf'f'ioient nitrogen to overcome the depreasi'ft ef'feot 

ot the available nitrate supply 1n the soU. 
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RttpQnse g( stramaws to fertilizers 

It baa been the general experience ot investigators who 

haw carried out ex;perS.nts on the effects ot tertUiHr treat• 

•nt on strawberries that the plant 1s a ditticult one with whioh 

to obta1D responeea g1T1ng very clear indications ot tbe etf'eot. 

of the YU'ious treatments tested. 

The c:l1tt1oult1es haTe been eaphuized b,y Bedford aDd Pick• 

ering (4, pp.98-100) 1n RncltM and 'b7 Chandler (8, pp.332-.337) 

in the United States; 1n all instances attar consideraW.. expe:ri­

enoe in tertilller experiments with Tarious kinds ot fruit plants. 

Pickering published results or exper:lmenta with atraw­

berriaa, using the .... treat.nts that wre giwn to apples, 

goo~eberriea and currants iD the Ridpont soU. 'l'here •• DO 

response to increasing a110unta ot tertUisera, aDd in taot in one 

aeries where no fertiliser as used the average result was as 

good as with large quantities or either 1Dorgan1c fertilisers or 

aanure. 

Chandler has swaarbed some ot the earlier experiJMnte 1n 

the United States, 1n Missouri, Hood Ri-.er Valle7 Oregon, arld 

lew York, and in all cases _,,t emphasis was placed on the ettecte 

of nitrogen application. Nitrogen exerted harltful effects 1n 

the Jlissouri exper1Mnts1 whereas in Oregon nitrogen produced 

1nC1"8aaed )1.elds. In •• York the resulte were rather 
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contradictory, though they suggested favorable effects from phospho­

rus end potassium in some cases. 

In 1919, Brown (6, p.S) published results of a series of 

tertUizer experiMnts carried on at the Hood River b:peri.-nt 

Station. The first season's yields trom plots fertUized with 

amounts ot nitrate of soda Yarying troa 220 to 440 pounds per 10,000 

plau:ta aDd applied during the spring of the f'ruit1ng Jear were 10 

per oent higher than similar untertiliaed plots. The fol.l.owina 

Jear these sue plots treated in the same 1118Dller yielded an aftr• 

age increase ot 34.8 per ceDt abo'fe tbe unfertilized plots. 1'be 

third crop from these plots treated as before 1 Jielded an average 

increase of 10.5 per oent above the unfertilized plot. There was 

no oonclusin nidence of ~ benefit from other eleMnte than 

nitrogen. 

lore recently, Wentworth (61, pp.3S8·362) in lew Hampshire 

examined tbe effect ot ar.seings of nitrate or soda 1n two plut­

inga and concluded that, although the fertilizer 1noreaeed the 

uount of foliage, crop Jields were more often reduoed thaD a. 

orea d. 

Tqlor (51, pp • .313-.317) obeernd the effects of winter 

application of :nitr te of soda under the early conditions obtain• 

1Dg in Alabama. T nitn.te dressings resulted in increases 1n 

yield. lt was also found that auperpho~pbate was belleficial to 

general rigor bit taah dressings produoed no visible effect. 
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lDree (.35 1 p.ll) experimented with various fertilizer treat­

ments in potted sand culture. He found nitrogen was the chief 

limiting element. It as rm important factor in promoting vege­

tative growth and in differentiating truit hlds. Phosphorus alooe 

had little effect; but in combination with nitrogen increased both 

vegetative growth and truit production. Ammonium sulfate gaft 

higher fields than sodium nitrate. lDree made chemical analyses 

ot plants from each set ot treatments. His results showed that 

high production was associated 'With a high Ditrogen and high oarbo­

hJdrate content of the crown at the tilae or fruit bud dif'terentia• 

tion. 

Whitehouse (62, pp.20l-206) used high, mediwa and no nitro­

gen nutrie.t;1t solutions in sand cultures of strawberries. He con• 

cluded that truittulneaa is apparently correlated with a balance 

between nitrogenou:s and carbohydrate materials in the plant at 

time of fruit bud differentiation. He added that a complete 

nutrient solution with medium nitrogen content gave the highest 

number of clusters end blossoms per cluster. 

DaT1s and HUl (15, pp.681...692J 16, PP•4ll·432) in Canada 

studied the effects ot excess and deficient. amounts of nutrient 

elements on both sand and soU cultures of strawberries. i'he7 

found nitrogen to be most illportant in stimulating pleDt growth 

and yield, bat that a proper balance llUst exist bet•en nitrogen 



aDd the Dd.Deral eleaents. 'l'bq also f'ound that fruit bud dif'f'ar... 

entiation depended to a large extent on a satisfactory balanoe 

betweell phosphorus and potassiua. 

Darrow and Waldo (14, pp.:n&-324) working 1n North CU'OliDa 

obtaiDed increases 1n yl-eld of strawberries up to 94 per cent 

O'fer the checks b7 the use of inorganic aDd organic nitrogen 

f'ertiliaers. Size of' berries was Mterially increased by inor­

ganic nitrogen. Small aaounts of phosphorus and potassiua had 

slight beneficial ef'f'ects on sise, quality and 7ield of fruita. 

Whitehouse aDd Schrader {63, p.l78) working in llar7laDd 

i)OndUcted several tests to detel"'line the Yalue of oom.rcial 

tertU1zera 1n atrawber17 production. They found that on f'ertUe 

aoUa f'ertilizera were of' little value but that on poorer aoila 

nitrogen applications helped to obtain bett.r stands aDd a better 

grade of' fruit. They agreed that the response of' strawberq 

plants to tertUisera was often dependent on cllu.tio oonditiona, 

partioularq \be aaount of rainfall. 

lxperiment·al results on the intluence of' tiM of' applica• 

tion of' f'ertillzera in the nutrition of' strawber17 are also con• 

tradictory. Brown (6, p.8), in Qregon, conducted one preUm:tnar'J' 

teat in which late summer fertiliser applications to an old bed 

{attar its f'itth crop) wre ooapared with spring applicatione. 

Yields although quite 8Jiall, as might be expected from old plants, 

consistently favored late 8WIII8r applications. 



Chandler (9, p.304), working w1th rather infertila soils 

1n Southern Missouri, found that spring application of nitrogen 

either alone or in combination w1tb other elements inYariabl.T 

greatq reduced the she ot the following crop though the plants 

grew much aore vigorousq. 

In ana, Shoemakar aDd Grtrft (20, p.l8.3) found that appl1oa­

tione made in ~ spring of' the bearing year lowered yields, oon­

aiderabq retarded ripening and in addition, caused softer berries. 

Fall applications; howeftr, gave substantial increases in yields. 

Results obta!Ded by L.i.Deberrr (29, p • .3) indicated that 

JIOderate spring applications of' nit!'ogen increased total yields 

blt retarded time of' ripening. 

During a three par period Waltman (58, p.ll) !oUDd that 

the application ot nitrogen in the spring of' the .truitins )Pear 

reduoad the yield of' fruit below that of' unfertilized plots. !be 

average reduction tor aU 'farietiea was 26.76 per cent. Be con­

cluded that reduced truit Jields on spring-tertillied plante 

ocoarred as a result or more vegetative growth, a greater de.aand 

tor moisture, 1110re shading of fruita and poor air circulation 
I 

through the plants• 

.Although the rerots of' fertiliser experS.nts are .nr..:q 

Tariable, commercial ·rertllizers haw played a part in the produc­

tion ot strawberries 1n the Pacific Northwest. The uae of ferti­

lizer hae in-creased the production an anrage of' 50 per oeat 



(24, pp.21.-24). In 1930, when little fertilizer ns uaed tbe 

average production was from lt to 2 tons, while in 1940, with 

fertilizer a go~ral practice, the average was 3 tons. In recent 

J88l"S some strawberry plantings have )'ielded as high as seven tons 

per acre. 

XQnc (32 1 pp.,)86-388J 33, p.l.S) made chemical 8D8.17sis ot 

strawberry plants durillg the grolling season showing that the 

strawbe1T7 plant exhibit. aeuonal fluctuation in nitrogen con­

tent which increased rapidl7 during the spring, when near]¥ 80 

per cent of the total nitrogen was in the leaYes. There was a 

seasonal percentage decrease ot nitrogen in the leavea f'roa 2.5 

per .cent earl.7 in the spring to less than one per cent late 1n 

the tall. A concoamittant increase occurred in roots aJ¥l steu. 

IDng found that tbe roots and stems of' the strawberry, and es­

pecial17 the tol'll8r aened as resene organ tor the storage ot 

DitropnJ consequently a great deaand was Jl8de upon the storage 

reeenes in the roots and stems during their growth. 

tbe addition of nitrogen fertilizers did not affect 

greatly tbe basic seasonal cycle of variation in nitrogen con­

centration of the stra•berry plant. On a percentage ba.sia there 

did not appear to be aD7 great seasonal d1£!ere~, except that 

1n the check plots n1trogen was alwqs lower than 1n those terti• 

lised. 
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Little difference could be detected between the dry weight 

or fertilized strawber17 plants at en:r particular time, but wher• 

ever sulfate of aaaon1a was added, the plants grew 110re rapid]J' 

(.321 pp • .386-.388). .Utbough tbe control plants weighed onlT about 

one-third of the fertilised ones, the7 exhibited the seme tend.enor 

to increase in dry weight during the fall and to decrease in winter. 

In pDaral1 the results of lDng i.Qd1cate that the straw­

be:tt7 plant stores large quantities of nitrogen and cubo}O'drates 

in tbe IUIUD8r awl autUIU11 uk~ng these products aYailable in tbe 

spring, usir.l.g them in the production ot fruits and new growth. 

Treatment that would increase production through aaditying terti• 

lit7, therefore, should be given during the sUIIIBer and fall months. 

The e~lier work of GardDer (17, p.29) is corroborated in that 

II4Xiawa production of flower oluaters, flowers and berries was 

aseociated with those sWIJiler and fall treatments that led to the 

greateat accumulation ot cubohfdrates at the time of fruit bw1 

d1ttere11t1at1on. 

IDree (.3S, p.ll) :aade chemical &Dal7sis of the strawberrr 

plants in relation to tertillier treatments. His results ahowed 

that the growth of the plants of the various plots which were 

tertllbed during the precedlDa se•aon wae ftriable • In general, 

however, the plants which were treated during the 8UJIJDer with 

. tert111zers conta,nSng nitrogen grew 1110re vigorousJ.T than those 

which were a:tw1}arly treated durtnc the spring only. lhe_.,.r 
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nitrogen was applied 1n the spring or the t:ruiting year there ntt 

a quick response in vegetative growth, not only 1n the development 

ot new foliage but in t"\UU1.9r production• 

b anal.Ttict.l data. show the effect or fertilizer treatments 

on the tdtrogen and m.tnel"'tl content of the etrawbenT plantet~ lt 

waa obserwd that 1n genenl1 the absolute amounts or the nutrient 

elements 1n proportion to the UlOunt of clry matter WI'$ nearlT the . 

same, and that the uni'ertilia:ed plants end those which were terti.;.; 

llze:d in the spring showed lower percentagE' of nitrogen; phosphoriC 

acid and potash than those which were simil e.rly treated dtU"1ng tbe 

S'WIIJII8r·4J. ~ greatest differences were in tbe nitrogen content• 

'Whea the nutrients were applied 1n the summer only, the percentage 

ot nitrogen was Wpr than wbea oonesponding tre•tmente were 

given during both the spring and s\1111De~• In sprtng-treated plote 

th9 nitrogen ranged from 0•66 to 0•79; in the SUilmer•treated plota 

tra 1.-~9 to 2.t02J and in the spring rand SU1Dlll8r-treated plots t:Foa 

1.55 to 1.79 per cent (:35, p.ll). 

The data show also that consi<lerable amounta or nitrogen 

and potash which had been absorbed by the ·plants during the early 

stages .of growth were lost later in the aeascm (.35, p;ll) • ~" 

were probably s.ome losses or these element.s trO#I tb.e erowns 

through rwmer product1<m. and tbe death of some ot the outer 

leaves during the aummer• It is also conceivable that certa1n 

araou.nts ot nutrients mq have been returned to the soU and: that'. 

there were losses from the plants by leaching. 

http:t"\UU1.9r
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EXPERIMENTAL PROCEDURES 

1. IAzcatioa The experiment was conducted on the lawis•Brown 

Horticultural farm, Corvallis, Oregon. 

QRU txPJ The plots were on good qualitr Chehalis silty 

· clq loam. This· son is a chooolate•brown on lighter brown, 

triable subaoU. It baa a usable water capaoit7 or about 2 inches 

per toot., Cbem.1cally it is well supplied with nutrients with the 

e2ception ot sulfur and ia near neutral in reaotion. 

5Jntr1•nt&l, AT9R Certified plants of the Marshall variety 

used were grown in the hill systea. Marshall is u earq ilid• 

season variety aost coi!BDOnly grown in Oregon. It 1s well adapted 

to processing and is also popular in the trash market. lershall 

is susceptible to virus diseases but rather resistant to J'OOt 

diseases. lts sucoess.tul culture dependa upon diaeaae-t:ree pl.ut­

ing stock. 

2. Jlesign or .. •mriatut 
The experiment was designed to allow statistical .analysis 

ot the data. A randomiled aplit plot design was employed, !be 

main plots consisted of (1) no sawdust, (2) sawdust applied as a 

surtaoe mulch and (3) sawdust incorporated in the surt•ce so.il. 

The sub-plots oompared use of four rates of nitrogen terti• 

lizer, using unit'orm rate ot application of potaeseiua and phospho• 

rue, Check plots were also provided. Pour replications were used. 
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r1qt a1u ap4 wa 
Bach plot was 15• x 171'' : l/165.9 aore, containing five 

lQ-plent rows, in addition to border rows, which were not har­

vested as part ot thtt experiment. 

(a) Sawdust 

In the tall ot 1947, the plots •re laid out and fresh 

fir eawdust was applied in weighed amounts to make a lqer lour 

inches thick in the sawdust inoorporated plots and the eawduet 

was then roto-tilled in to a depth of six inohee, In the spring 

!>f 1948 the whole field was roto-tilled twice in order to make a 

good eeed•bed and the strawbe1"J7 plents119replanted. Two months 

later a weighed ·amount of sawdust was put on to 1ll&ke a layer 4 

inches thick in the sawdust aulch plots. The moisture content 

of sawdust was deterained so that equal weights ot dr;y matter 

was applied to ee,oh plot. !he plots were carried through 1949 

and 19.50 with the fertilizer treatments as indicated. ID 1951 

due to the attack ot the red stele disease all old plants wre 

dug out. The sawdust 1n the mulch plots was removed and sawd. 

1'he whole field was roto-tilled trice. The strawberrr plants 

were re-planted in AprU with heal~ plants. .All the old aa..,_ 

dust which was removed from mulch plots was put on again. in June 

and fresh sawdust was also added in order to bring up the saw­

dust to tour-inch level. 
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(b) Fertilizer tre4tments for the entire period are 

indicated. 

(1} Rates of ·application 

Pounds ot I-P2o5...12o per acre 

...Fertilizer L' l<)48 19.49 1950 1951plot no. 

I P20s KaO I P20s laO I P20, I~ B P20s K20 

1 0- 0- 0 0 .. 0- 0 0- 0- 0 o .. o.o 
2 0 .. 150.100 0 -150.100 0 •150.100 0 -150.100 
3 200. 0 - 0 200. 0 - 0 200. 0 - 0 200.. 0 • 0 
4 lOo-150.100 100.150.100 100.150.100 100..150.100 
5 100.150.100 50.150.100 25-150.100 12·150.100 
6 200.150.100 200.lSD-100 200.150.100 200.lSOel00 
7 200...150.100 100.150.100 50.150.100 25-150.100 
8 400..150.100 400.150.100 40G-150.100 400.150.100 
9 400.150-100 200.150.100 loo-150.100 50.150.100 

A uniform rate of phoaphate and potash fertiliser aa 

applied to each plot exoept check and plot no.3. !he main 

ob3eot ot this plan was to compare the uee ot tour rates of 

nitrogen fertilizer with the sawdust t:reatMnts. Bo nitropn 

was applied 1n plot no.2. One bwlarad pounds of nitrogen per 

• acn in plot D0.4, 200 pouDda 1n plDt no.6 and 400 pouuda m 

plot no.S were applied each year. In plot no.s, 100 poUDda of 

nitrogen per acre was applied in the tirat year and the rate of 
• 

nitropn application wa.e aucoeedingly deoreaaed to halt in each . 

following year. PlotHlca7 ·and 9 were treated 1n the 808 aauer 

aa plot no.5 except that plot DO.? started w1th 200 pounds of 
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nitrogen par aore aDd plot no.9 Jltart.ed. with 400 pouda of 

nitrogen per acre. 

Ammonium sulfate, superphosphate and muriate of potash 

were used to .eupply ni~roge-n, phosphoru~ and potass1Uil ~•pea• 

tiTelT· 

(2) Time and method of application 

Potash aDd phosphate tertll.hers were side• 

dressed ou Mq 20. litropn application was split. O.:..•half 

was side-dressed w1th potash and phosphate fertilizer a the 

spring and one-hal.f was applied on August 1. All fertillier• 

were surface applied• 

(3) Irrigation 

Uniform amounts of wa:~r we:J'8 supplied ·to all 

plots when needed ~ mee.ns of overhead sprillklers. The amount 

applied was sufficient to maintain. normal growth and dewlop. 

aent of the. plants. 

(4) He.rvest 

Tbe 1952 orop of mit wu harftsted and tbe 

forty leaves from t1tt7 healthy plants on each plot 1D 

1951 wre taken tor &lla~sis ot dry weight, nitrogen, phosphorus 

and potassi-. contenie. The au.lytical data and yield in the 

http:Jltart.ed


22 

fourth .,ear were recorded separatelT tor each plot and e.ualysed 

statistical.l7 b.Y the method ot analysis of variance. 

(a) Cleaning- !hf most important eources ot cont.e•inati<>n 

are ao111. atmospheric dust and spr,q llllterials. Atmospheric 

dust 1s •1mil'ar in composition to aoU; dust JBq contaminate all 

the aerial parts or tbe plant. .Sprq residues are an important 

aouroe of cpntamination for the fruit, stems and leaves ot orops 

to which sprays are J10rmally applied.. Xt was particular~ ia• 

portant 1n this exper:lment because calcium. cyeuu1de bad bee 

wsed as sprq control tor red epider. 

the nJaOval ot surface contu1net1® from plant mater1al 

is not a simple •tter. Many inYeetigatora haw "oo.eDded 

wasbiDg saaplee with dietilled water. !his, bowwr, is liable 

to cause losses ot certa1n nutrients troa the plant aterial bJ 

leaohingJ this mq prove pe.rticul.arq serious tor potasaiUII.. 

other workers have wiped the surface of the orpns with muslin 

or other cloth. lhis CY01ds tM possibility ot leaching. !be 

latter was eaplo18d in this work. 

(b) Dry!Dg •• When cleaned, i.t is pr.aerall7 neceseary tor 

the material to be dr1ed• Oftr-drying at 7SOc. was eaplo184 

throughout thie work. 

(c.) Grinding ..... It is usual to 41"ind the dried plant 

material before aaalysie - part)¥ tor greater ease in .anipala­

tion, pal'tl7 in order to aeoure greater UDi.f'orudtr 1n coapositioA. 

http:statistical.l7
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A JI8Chanical aill was used tor grinding tUld a YaO\ll'm cle&.ller was 

used to el:lm1nate the oontamination from 18.111Ple to sample. 

(d) Aehing ot the plant material - . 0.5 gram saapl.es of 

ovan-d:J7 groUDd leaves were placed ill 2oo-.1. tall Pyrex beabr•• 

ten al. ot concentrated nitric acid was then added, the ·beaker 

covered. with a watch glass, and heated gent~ on a hot plat.., 

until no visible sigu of solid uterial remained. ·At this point 

the solution was generaJ.l7 •traw-aolored. !he beaker was removed 

from the hot plate1 5 ml.. of 70 per eent perchloric acid were 

added, the watch glass replaoed and the contents gent~ boiled 

until clear and there was fWD.ing w1th copious ftpors ot perchlorio 

acid. OeDeral.ly the wlume at this point was about 1 to 3 m1. 

The solution wa.s never allowed to go to dryness. Twenty-five 

ml. ot dist1lled water was added aDd brought to a boll, aDd then 

filtered through a lhatman no. 40 lUter paper into a 100-al. 

voluatric flask, The silica was washed with hot water. The 

filtrate was cooled, diluted to 100 Ill. and tbe solution reeened 

for the determination or potass.tlUI and phosphorus. 

(e) Detertdnation ot potassium -- Potassium was determiDed 

by the use of flame pho....,_,ter (521 PP•459-466). A Perkin~r 

flaM photometer1 model S2A, equipped rith the propee barner 

was used. 

(f) Determination of phosphorus - Phosphorus wu detel"JiliMd 

colorimetrically by the use of a spectrophotometer (52, pp,4S9• 

466). A Coleman apeotrophoto.ter, model 11, was used. 

http:OeDeral.ly
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· (g) htermination of nitrogen .... 11tropn was determined . 

b7 Gmm1ng method (42; p.l3). 
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tla V.X •lght ot tM leayea 

Seasonal oh&Dgea in the dry weights of the leawa are abowa 

in Tables I, II and lU. According to these data, the dr7 weight 

of the leaves inoreaeed WlT npidly from 7 ,8.44 grams per tor~ 

le-aves in June to a llla'daum1 23.241 gr&mfl, in September. 

Dry wights ere higher both where sawdust waa used as a 

mulch .and where it was miad with the soU than in the olean 

cultivfi!:ted plots. These are shown in Table II end l1cure ·1. 

'f:here was no signiticant difference betweea aeydut JD'Qlch and saw­

dust incol"p()rated plot~-. 

Table III and l'1gu.re 2 indicate that in the check aJld 

phosphorus-potassium plots dry weights of tbe leaves were sig• 

nitieantl.T smaller than those in the plots with nitrogen teri:t• 

lizer, Twenty-.fi:n poJ.Qlds. of nitrogen per .acre in the fourth 

year was sufficient to take care of the depreasiw effect of 

sawdust on plant growth" There were no s18nifioant d1tfel"8ncea 

in dey .eights of leaves among the higher rates ot n1trosen •ppli• 

oa:t1on. 

http:l'1gu.re


fabl8 L Se-asonal chaDgea in the dry •1ght o~ the le&Tea during the grorillg season in 1951. 
(Dry weights 1n gra11s per 40 leaves; an awrage ot tour repl1oat1ona). 

Date 
June l2 · .3ul.Y l2 · .Awrust .12 Sentember .12 October l2 

JertUiser ?"' a&.wdust treat.Mnt 

treat.Mnt ....L... ..L. .JL A 1 Q A I C A . , I Q A I _JI 
P• P• p.. P• P• 81l• P. P• P.. P• P• Ill• ga. P• ill• 

Cb&Ck 
D-lSP-100 

7.43 8.72 6.52 
7.88 8.18 7.55 

13.83 13.25 13.10 
14.38 13.68 1.5.03 

15.75 13.73 16.44 
15.25 15.13 19.65 

18.85 18.90 21.65 
19.15 19.50 23.1o 

18.9.3 1.4.45 19.80 
19.50 l6.os 20.13 

200.0..0 7.72 8.24 7.'J4 15.­73 14-13 16.35 21..45 15.43 22.44 24.55 21.70 28.25 21-.-73 14.80 20.40 
100.150.100 8.47 8.93 6.18 . 15.78 13.63 14.18 22.85 l4.e45 21.70 24.70 20.40 22.80 22.45 15.58 19.80 
12... 15o-1oo .8.35 S-41 6.26 15.85 12.10 13.45 n.60 1.4.68 19.35 24.20 19.00 26.35 20 • .30 14·68 19.90 
200.150.100 7.55 9.64 6.49 15.58 14 • .30 16.03 22.-55 15.15 22­.85 24.85 22.05 27.00 21.. 50 14.83 20.45 
25-150-100 8.03 8.37 6.88 16.60 13.70 15-.88 20.65 15.45 22.~ 25.00 21.05 26.25 .22.00 16.48 19.6.3 
400-150.100 8 • .37 9.21 7.48 15.60 13.80 16.80 19.35 15..25 u.s 23.40 21.65 27.40 23.75 16.0.3 19.7.3 
50.150.100 8.55 8.57 6.47 16.78 14.28 16.73 23.75 16.05 22.7 25.65 22.65 27.55 21.90 15.90 21.0.3 

ave.raae 8.04 8.70 6.70 15.57 13.72 15.28 20.3-.3 15.03 20.97 2.3•.37 20.77 25.58 21 • .34 15.42 20.09 

In tbe abo'Ye table A, B, and C refer to sawdust. JBUl.ch, . c:U.an cultivated and sawdust ·incorporated 
plot• reapeotiwq. 

~ 
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table II. The effect of sawdust treatlents on the dr,y weight of 
the leafts. (D:r7 weight in grams of 40 1eafts per 
plotJ average ot all plots) 

graa graa gl'IUI sru graa 
Clean cult. 13.717 15.033 20.767 15.419 14.726 
Sawdust .:Lob 15.567 20.)28 2).372 21•.339 17.'129 
Sawdust inc, lS.2Sl 20.967 25.583 20.094 17.744 
Pvalue 2.684 19,03?** 14.100** 14.775** 
L. s. D. ... 2.591 2.229 2.154 

!able III. the ettect of tertillzer treatments on the dr7 weight
of the leaws. (average ot all plots) 

Fertiliael" awrapIZtk ' .treat.nt Jue l2 Jul7 l2 AD&• ::12 Sept. 12 Oct. 12 

Check 
graa 
7.554 

era 
13.392 

pea 
15.308 

graa 
19.800 

graa 
17.725 

graa 
14.756 

0.150.100 7.868 14·.358 16.675 20.58.3 18.558 15.608 
200.0..0 7.766 15.400 19.775 24.833 18.975 17.350 
12•150.100 7.673 14.000 18.542 23.•183 18.292 16.340 
25-150.100 7.761 15.392 19.•383 - 24.100 19•.367 17.200 
50.150.100 7.866 15.925 20.8.33 25.28.3 19.608 17.905 
10G-l5G-100 7.860 14.525 19.667 22.633 19.275 16.792 
200.150.100 7.895 15.300 20.18.3 2.4.633 18.925 17.387 
400..150.100 8.352 15.400 18.700 24.150 19.833 17.2fr7 
I' value 0.509 3. '775**11.491** 8.936** 2.070 
L. S. D. ... 1.194 1.464 1.807 -
H The double st.r represents the 1 per cent sign1ticant leftl. 

http:treat.nt
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Fig. 1. The e!!ect o! sawdust treatment on the dr,y 
weight o! the leaves. (Summary of all plots) 

A Sawdust mulch 
B Clean cultivated 
C Sawdust incorporated 
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June Ju.:cy- Aug. Sept. Oct. 

Month 

Fig. 2. The effect of fertilizer treatment on the dr,y 
weight of the leaves. (Summary of all plots) 

Legend: (1) Check (2) 0-150-100 
(6) 200-150-100 (9) 50-150-100 

The fertilizer plots 3, 4, 5, 7 and 8 are not 
significantly different from no. 6 and 9 . 
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The concentration and total uount ot nitrogen in the 

leans are recorded in Tablea IV,, 'V, VI, YII and VIII. 1'be 

nitrogen content ot the lean• was high (2.059 per cent, an awr• 

age ot all plots) in lune then declined ill Auguat (1.529 per cent) 

and increaaed again at the tt. of truit bud differentiation 

(1.70.3 per cent). !he seasonal changes ot the nitrogen content 

1n the leaws are also Ulu~trated in ligures .3 aDd 4• 

'!be reaults trom sawdust treat.nts aho1111 in Table V aad 

also Uluatrated in figure. ) indicate that the leafts taken troa 

the- olean cultin.ted plots bad higher nitrogen content than tbo• 

·troa either sawdust auloh or eawduet incorporated plots on .JuDe 12. 

Bowver, ae the aeaeon progressed the leawa troa the eawduat 

lmlch had tbe hiahest Ditropn content, while the lea'ftls troa the 

aawduet incorporated plots had the lowest nitrogen content. The 

Ditroa-n deanda wre greater when the eawduet was 1Doorporated 

with the soil than when used as a 81U'faoe aulch. This agrees 

with the reaults ot the prel1aSnaJ7 investigations by tbe Oregon 

.Agricultural h:periMnt StatiOD. 

Table VI and Pigure 4 ahow that the leana from the PI 

plots alft1'S had the lowest nitrogen content. The planta troa 

the plota 1Jith higher rates ot nitrogen application (mre tlwl 25 

poUDda of nitrogen per acre in the fourth Jear) had s1gnit1cantl7 
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higher nitrogen content than those tram plots without nitrogen or 

with lower rates of nitrogen application. 

Tbe ourves of Figures 5 aDd 6 are obtained from the 

nitroeen content ot the leaves from each plot multiplied qy the . 

dl7 •ight of the leaves from the corresponding plot. It :I.e 

obvious that the amount ot nitropn acoumulated in the leaves 

corresponds with the rate of the plant growth, 

I 



table IV. Seasonal changes in the nitrogen content ot the leaves during the growing season 
1n 1951. (Per oent of nitrogen on dry weight baaiBJ an average of tour replications) 

Date 

ilmt ~ illl;r; ;36 lMMt Ia itlltemm£ J.& Qg3&Qbe£~ 
Jertjliser 
treatment -'- -L _g_

• • ' 
-'- .JL -L 

' ' ' 
Sawdust treatmant 

-A- ..I..-. -'­
$ ' • -A­

' 
...J_ 
% 

..£._ 

% 
-'-

_._ _..JL_ 

' ' 
,, 

Check 2.02 2.10 2.02 2.05 1.80 2.01 1.5.3 1.50 1.50 1..59 - 1.6~ 1.52 1.68 1.65 1.63 
o-150.100 l..98 2-.10 1.95 2.06 1.8.3 1.94 1.44 1.46 1.47 1.49 1.57 1.50 1..6.3 1.64 1.61 
2oo-o-o 2.05 
100.150.100 2.0.3 

2.18 
2.11 

1.94 
1.87 

2.20 
2.21 

1.96 
1.89 

2.c.J 
2.2.3 

1.60 
1.58 

1; 5.3 
1.58 

1.50 
1.54 

1.90 
1.84 

1.76 
1.7.3 

1.66 
1.71 

1.9.3 
1.8.3 

1.78 
1.67 

1.7'/ 
1.70 

12-1.50.100 2.10 2.08 .1.91 2.06 1.86 2.05 1.4.3 1.47 1.49 1.59 1.6.3 1.61 1.71 1.69 1.6.3 
200..150.100 2.10 2.20 1.91 2.27 1.89 2.13 1.62 1..5.3 1.54 1.87 1.81 1.75 1.97 1.92 1.80 
25-150.100 2.06 
400..150-100 2.08 
5()..15()..100 2.0.3 

2.14 
2 • .36 
2.24 

1.96 
2.Q4 
1.99 

2.]4 1.88 
2.28 1.91 
2.20- 1.95 

2.01 
2.05 
2.11 

1.57 
1.75 
1.50 

1.42 
1.62 
1.5.3. 

1.45 
1.59 
1.52 

1.75 
1.98 
1.78 

1.66 
1.8.3 
1.76 

1.58 
1.76 
1.68 

1.79 
1.92 
1.89 

1.67 
1.85 
1.78 

1.64 
1.86 
1.76 

average 2.05 2.17 1.96 2.16 1.89 2.rn 1.56 1.52 1.51 1.76 1.71 1.64 1.82 1.74 1.71 

In tbe above tabla A, B, and C refer to sawdust aulch, clean cultivated and sawdust incorporated plota 
reapeot1wq. 

\:: 
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fable V. !he effect of sawdust treatment• on the nitrogen content 
of the leaves. (Per cent of R on dey weight basisJ 
average of all plots) 

DattSawdust averep
treat.nt l\JD!It l2 JW.T 12 Au&· 12 Sept. 12 Oot. ·l2 

J ~· J 
Clean cult. 2.169 1.887 1.Sl6 1.708 1.737 1.803 
Sawdust mulch 2.051 2.164 1.560 1.757 1.823 1.871 
Se.wduat inc. 1·957 2.069 1.512 1.644 1.713 1.719 
J' value . 7.106* 8 •. 7)7* 2.153 )9.733** 9.2.45* 

· L. s. D. 0.138 0..165 • · 0.031 0.066 

Table VI, 1'be etfeQt of fertilizer treatments on the nitrogen 
content of the leaws. (Awrage of all plot•) 

Date 
.rert11.1ser awrage
treat.nt ~~ l.llug; 12 .&ug. 12 Sept. l2 Oct. 12 

~ % %• - •
Check 2.045 1.952 1.513 1.577 1.653 1.748 
0.150.100 2.011 1.942 1.456 1.523 1.630 1.712 
200.0...0 2.059 2;083 1.548 1.m 1.816 1.8~ 
12-150..100 2.031 1.99) 1.464 1.614 1.698 1.760 
25•150.100 2.056 2.008 1.483 1.644 1.703 1.7'19 
50.150.100 2.089 2.089 1.518 1.741 1.808 1.809 
100.150.100 2.007 2.109 1.569 1.761 1.736 1.836 
200..150.100 2.f110 2.099 1.563 1.813 1.898 1.889 
400..150.100 2.161 2.084 1.651 1.859 1.876 1.926 
r value 0.507 9.181** 9..132** 26 ... 401** 14.T/9**
L. s. De .. o.062 0.057 0•062 Oef110 

* !be single star refers to the 5 per oent sign1ticant level•
** The double star refers to the l per cent signiticant le"nl• 

http:treat.nt
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!able vn. The effect of aawdU$t treatments on the absolute 
amount of nitrogen in leaves. ·(Grama ot N 1n 40 
leaves per plotJ SUJDil8l'1 of all plots) 

Sawduat Date 
a'fttr&ptreatment .tune l2 1~12 Ay. l2 SeEt• l2 Oct. l2 

pa. Ill• P• ... Ill• P• 
Clean cult. 0.,1886 0.2588 0.2279 0 • .3547 0.2678 0.2596 
Sawdust aulch 0.1649 0.3369 0.3171 0.4106 0.3890 0 • .3237 
Sawdust inc. 0.1330 0.3162 0.3170 0~4206 0.3AJ.2 0.3062 

fable VIII. Tbe effect of fertilizer treatments on the absolute 
amount of nitrogen in leaTe•• (Swlmaz7 ot all plots) 

fertilizeJ> ' Date awrage
treatllent · JUDe 12 Sef!:.l2 Oct. l2:1!9' 12 I •9· 12 ... ill• P• P• P• Ill• 

- Check 0,1545 o.2614 0.2316 0.3122 0.2<)30 0.2505 
0 -150.100 0.1582 0.2788 0,2.427 0,3135 0.)025 0.2591 
200. 0 - 0 O.J.S99 0.3203 0.3061 0,4403 0 • .:3446 0..:3142 
12 •150-lOO 0.1558 0,2790 o.~ns 0.3742 0.3106 0.2782 
25 -150.100 0.159() 0.3091 0.2814 0.3962 0 • .3298 0.2964 
so -150.100 0.1643 0.3327 o.3162 0.44(}2 0.3545 0.3216 
100.150-100 o.l578 0.306) 0.3086 0.)986 0.3346 0.3012 
200.150-100 0.1634 0.3211 0.3155 0.4466 0,3592 0.3212 
400.150..100 0.1804 0.3209 Oe3087 0.44$9 0,3721 0 .• )262 

http:Sef!:.l2
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Fig. 3. The effect of samiust treatment on the nitrogen 
content o! the leaves. (Average of all plots) 

Legend: A Sawdust... nmlch 
B Clean cultivated 
C Sawdust incorPc>rated 



!. i I I ! I I .. :· I 
. - -t- .- . -1 t-i . -·+--'1-+-'-1--'--'-+ 

1.2 +-1_ · --+-'-~_.j.
1 -++-=- · +--r'-+......:.r- j_ : : • . . . . . . ; . :. 

1 · l__J_' --,- ' -+--¥­
I ·I I i I I' I . ~ .. ·.·:·.·,

f..---;.- ~- ~-' . -r- • • ........ 

. j.. j I . I .. - ., ... I.. .. ·4 
] I I . I . ··J,._·_ ... ·.:J 

1.0 L~ -~:- i ---~-L~· -~ :-~_L~~__J_~ ~- ·~~·-~~1~~~-L~~~~~~~~~I 
June July Aug. Sept. Oct. 

Month 

Fig. 4. The effect of fertilizer treatment on the nitrogen 
content of the leaves. (Average of' all plots ) 

Legend: (1) Check (4) 100-15~100 
(6) 200-1.5~100 (9) .5~1.5~100 

The fertilizer plots 2, .5 and 7 are not significantly 
different from no. 1; plot 3 is about same as no. 4 
and plot 8 about same as no. 6. 
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The effect of sawdUst treatment on the total amount 
of nitrogen in the leaves. (Average of all plots) 

Legend: A Sawdust Imllch 
B Clean cultivated 
C Sro~ust incorporated 
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Fig. 6. The effect of fertilizer treatment on the total 
amount of nitrogen in the leaves. (Average of all 
plots) 

Legend: (1) Check (2) 0-150-100 
(6) 200-150-100 

The fertilizer plots 3, 4, 5, 7, 8 and 9 are not 
significantly different from no. 6. 



The concentration and total amount of phosphorus in the 

leaves are recorded in Tables II, X, U, m aDd XIII. !be 

phosphorus oontent of the leawe in the sawdust mulch and sawdust 

incorporated plots Q.s high in lune and became practioall7 constant 

during the reaaitdng period. This seatJOnal change ot the phospho• 

rus conte11t 1n the leaves ie also 1lluatr61.ted :1n J'1gure 7 • 

Table I end figure 7 show that the plants in the clean 

cultivated plots absorbed lees phosphorus than those troa either 

the sawdust mulch or sawdust incorporated plot.. 

Results from the tertilJ.ser treat.ents ahown in table II 

and Figure 8 indicate that in tbe check and PK plots phosphorus 

·was alwqs higher than in thoae plots fertilized with higher ratea 

of nitrogen, In fertiliser plot no. 3 whioh was auppUed with 200 

pounds or nitrogen per acre and no phosphate fertilizer the phos­

phorus content of tbe leaves •• aigxdticantly lowr ~ that 1n 

other treatments. 

fhe Masonal Yariation of the total phosphorus in thet 

leaves, Uluatrated in Figures 9 and lO, just as that of tbe 

nitrogen had the sue trend corresponding to tbe growth rate ot 

the plant. 



Table II, Seasonal changes 1n the phosphorus content or the leaves during the growing 
season 1n 1951. (Per cent of phosphorus on dry weight basis; an average of 
tour replicationi 

Date 

ilaue 1& GJ.:t ~ UN~~ filntemat J6 9ctolatl2 
rert1liser Sawdust treat.nt. 
treatment 

..A.. ...1... _£.. ..A.... ..JL .JL ...A.. ...L _g_ ..A... ..L _g_ ..A.. ..L ..L 
~ ~ !£ J ~ ~ % ~ % ~ ~ % s• % 

Cbeck .31 .21 .29 .29 .18 .28 .25 .21 .25 .30 .• 21 .25 .30 .25 ··24 
0 -15<>-100 .29 .22 •.32 .30 .20 .27 .30 .23 .27 •.31 .22 .25 ·.30 . • 25 .28 

200. 0 - 0 .25 .20 .28 .20 .17 .18 .19 .19 .21 .24 .18 .21 .25 o22 ·.20 
100.15o-100 .30 .21 .25 •23 .18 .22 .20 .20 .23 .26 .19 .23 .27 .24 .24 

12•150.100 •.30 .20 .28 .28 .19 .25 .22 .21 .25 .26 .22 .26 .27 .24 .26 
200.150-100 .26 .20 .25 .22 .18 .21 .20 .20 .21 ·24 .18 .21 .28 .26 ·23 
25-150-100 ,28 .21 •.30 ·24 .18 .23 .23 .21 .22 .28 .20 .23 .28 .25 .25 

400.150.100 .24 .20 .28 .20 .17 .17 .21 .20 .20 .26 .18 .19 .26 .25 .23 
50•150..100 .26 .20 .25 .21 .19 .19 .21 .20 .22 .26 .18 .22 .28 .26 .26 

&ftl"ap .28 .21 .28 ·24 .18 .22 .23 .21 .23 .23 .20 .23 ·24 .25 •24 

In the above table A, B, and C ref'er to sawdust llUl.oh, clean cultivated and sawdust incorporated 
plot. respective]J'. 

.to­
0 
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Table X. 'nle effect of sawdust treatments on the phosphorus con• 
tent of the leaves. (Per cent of P on dry weight bas1SJ 
average ot all plots) 

Sawduat Date awragetreat.nt June 12 July l2 Auguat 12 Sept. l2 OCt. 12 

J ~ % % ~ ~ 
Clean cult. 0.206 0.184 0.206 0.198 0.246 0.208 
Sawdust JIIUl.ch 0.277 0.240 0.226 0.231 0.240 0.243 
Sawdust inc. 0.280 0.224 0.231 0.231 0.240 0.241 
J' value 15.720** 9.254**17.857** 22.600** 6.386* 
L. S. D. 0.0366 0.0341 0.0035 0.0258 0.0282 

fable n. The etteot ot fertiliser treat.ente on the phosphorus 
content of the leafta. (Awra.p ot all plots) 

fertiliser Date average
treat.nt lune 12 · lul.7 12 Aug. 12 Sept. 12 Oct. 12 

% ~ 

Check 0.272 0.253 0.241 0.256 0.266 0.258 
0 -15o-100 0.278 0.258 0.267 0.260 0.268 0.266 

200.. 0 - 0 0.243 0.188 0.198 0.212 0.225 0,2()9 
12-150.100 0.259 0.233 0~230 0.250 0.258 0.246 
25-150-100 0.268 0.218 0.223 0.241 0.261 0.242 
50..150-100 0.237 0.196 0.211 0.221 0.257 0.224 

100.150.100 0.254 0.213 0.211 0.224 0.250 0.230 
2oo-15o-100 0.237 0.205 0.204 0.214 0.258 0.224 . 
400.15o-100 0.242 0.182 0.205 0.214 o.u.s 0.218 
r value 3.401** 5.819** 8.997** 9.509** 8.278** 
L. S. D. 0.0239 0.0170 0.0205 0.0101 0.0126 

* The single star refers to tbe 5 per cent signif'ioant lew1.
** !he double star refers to the l per cent aignitioant lewl. 
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Taba ni. The effect of sawdust treatments on the absolute 
aaount ot phosphorus in the leaves. (Grams of P 
in 40 leaYes per plot; average of all plot ) 

Sawdust Date 
treat.-nt aw~ 

June H lplz 12 AUj. 12 Sept.l2 Oot, 12 

P• Ill• Ill• IL P• P• 
CI.an cult. 0,01'19 0.0253 0.0310 0.04ll 0.0379 0.0)06 
Sawdust IIJ1loh 0.0223 o.o.373 0.0459 0.0629 0.0591 o.Q45S 
Sawdust inc. 0.0190 0.0.342 0.0484 0.0591 o.Q482 0.0418 

!able 1111. The effect of fertU1ser treatments on the abeolute 
uount ot phosphorus in the leafta. (J.wrage ot 
all plota) 

' 
Fertiliser Date average 
treat.en\ Jupe . ].2 f!b 12 AVt ~ Sept= 12 Oot. ;y 

P• ... ... ... P• P• 
Cheat 0.0205 0,0338 0.0369 0.0507 0.0471 0.0378 
0 ·lS0-100 0.0218 0.0.370 o.Q44S 0.05.35 0.0497 0.041.3 

200. 0 - 0 0.0189 o.Q289 0.0390 0.0526 o.Q427 0.0364 
12·150.100 0.0200 0.0327 0.0426 0.()580 0.0472 0.0401 
25•15()..100 0.0208 0.03.35 0.0432 o.osso o.osos 0.0414 
50.150-100 0.0186 0.0312 0.0440 0.05S9 0.0504 0.0400 

100..150.100 0.0200 0.0309 0.0415 o.05l2 O.Q482 0.0384 
200.150·100 0.0187 0.0314 0.0412 0.0527 o.Q488 0.0)86 
400..150..100 0.0202 0.0280 0.0383 0.0517 0.0492 0.0375 
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Fig. 7. The effect of sawdust treatment on the phosphorus 
content of the leaves. (Average of all plots) 

Legend: A Sawdust mulch 
B Clean cultiv:ated 
C Sawdust incorporated 
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Fig. 8. The effect of fertilizer treatment on the phosphorus 
content of the leaves. (Average of all plots) 

Legend:. (1) Check (2) 0-150-100 
(3) 200-0-0 (4) 100-150-100 
(6) 200-150-100 (8) 400-150-100 

The fertilizer plots 5 and 7 are not significantly 
different from no .4 and plot 9 is about same as no .6. 
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Fig . 9. The e!!ect o! Sawdust treatment on the total 
amotmt o! phosphorus in the leaves. (Average o! all 
plots) 
Legend: A Sawdust mulch 

B Clean cultivated 
C Sa;~ust incorporated 
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Fig. 10. The effect of fertilizer treatment on the total 
amount of phosphorus in the leaves. (Average of all 
plots) 
Legend: (1) Check (2) 0-150-100 

(3) 200-0-0 (4) 100-150-100 
The fertilizer plots 5, 6, 7, ~ and 9 are not 
significant~ different from no. 4. 
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Tjw potaaaium content of tho l,taut 

The concentration and total amount ot potassium in the 

lea'fee are recorded in Tables XIV, XV, XVI, 1VIl and XVlll. Tbe 

potassium content of the leaves was high (1.26 per cent, an 

a"'erage of all plota) 1n June tben decreased 80Dlewhat 1n Juq 

and increased again in August and t1nelly decreased Ulltil lAtat 

seuescenoe in Ootober (0.9) per cent). there was an actual lose 

or potassiwa atter that time largely trom tbe leaves and stella 

by the leaching ot rain. These seasonal changes of. the potassia 

content in the leaves are also illustrated in figures 11 and 12• 

fable IV and J*igure U indicate that duriDg the earJ.T 

gro~ ~riod 1n the clean cultivated plots the plants absorbed 

leas potassium than thoee in sawdust mulch and sawdust incorpora.• 

ted plots. However, as the season progressed the differenoet in 

the potassium content or the leaves among tbe three treatments 

were ut signitia.aat. 

The reaulta from fertiliser treatments shown 1n Table m 
and l!gure l2 indicate that during the earJ.T growing period in 

the obeck plots tbe potaasiwa oontent ot the lea-ves was lower 'tl.aaJ1 

that in other fertiliser trea"'-nta. However, as tbe season pro. 

greased the ditterent tertillier treatments had no effect on the 

absorption ot potassium by the plent. 

tbe seasonal changes ot the total amount of potassium in 

the leaves, Uluatrated 1n ligures lJ and 14, also oorreeponded 

with the rate of plant growth. 



hble m. Seaaonal change a 1n the potass1wa content of the leaves during the growing season 
.ta 1951. (Per oent o£ potassium on dr7 weight basts; an average ot tour 
replicatioaa} 

Date 
lgM 12 J'uly 12____ ~ .l1WIIri_12___ __ --u~Sent.eabar__l2_ October 12 

J'ert1llzer ·Sawd.llR t.reatamt 

treat.nt ..A- ..L .JL -A- ...I-....;__ ....L. -I- _;_ -A- ..I- ...L. -A- _I_ ...L. 
• J • • • • ' • J J ~ • J • s 

Check 1.22 1..15 1 ..36 1.2.5 1.06 l.lS 1.3.5 1.24 1.33 1.18 1.16 1.17 0.87 0.<)6 0.84 
0 ·150.100 1.19 1.21 1..)8 1.36 h16 1.28 1.38 1.29 1.40 1.20 1.20 1.17 0.90 0.98 0.88 

20<>- 0- 0 1.17 1.22 1.39 1.2$ 1.01 1.20 1.29 1.21 1.4.5 1.25 1.14 1.10 0-_91 1.00 o.ss 
100..150-100 1.36 1.16 1.26 1.36 1.1.,3 1.2.5 1 • .37 1.31 1.39 1.20 1.17 1.12 0.94 0.95 0..92 

12-150-100 1.2<} 1.12 1.29 1.32 1.06 1.28 1.30 1.26 1.38 1.16 1.16 1.11 0.93 0.95 o.en 
200.lj0..100 1..22 1.13 1...36 1.38 1.10 1.-26 1.33 1.3.5 1.39 1.2) 1.14 1.14 0.98 0.99 o.ss 

25•1.50.100 1.3.5 1.21 1.43 1.34 1.08 1..21 1.44 1.31 1.39 1.22 1.22 1.1.3 0:.95 0.98 0.92 
4oo-150.100 1.21 1.13 1~33 1.35 1.08 1.20 1.41 1.29 1.48 1.28 1.14 1.12 0.93 o.99 0.90 

.50.150.100 1.29 1.1.3 1.39 1.37 1.10 1.26 1.35 1.29 1e40 1.28 1.16 1.15 1.00 1.02 0.90 

awrap 1.26 1~16 L36 1..31 1.09 1.24 1.36 1.28 1.40 1.23 1.17 1,.14 0.94 0.98 0.88 
· ~- · ----- ------- ~ ~-~-~-----~-- - ---- · ---- -- _ ___..__ _ -"-- - -·-- ~--- -~-----~--~-~- -- · - - --'----- ~ · - . _ _ .......... -~

In the above table ·A, D, and C refer to sawdust mulcht clean cultivated aDd sawdust incorporated 
plots respecti.Ytd.7. 

f» 
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Table XV. The ef'tect ot sawdust treatments on the potassiua oon• 
tent ot the lea'fts. (Per cent ot K on dr7 weight 
bae1aJ aTerage of all plots) 

Sawdust Date 
aftrap

treat.at June l2 JUl.,- 12 Au&• l2 Sept., 12 Oot.U 

Olean oult. •·1.1.64 
J 

1.088 -1.284 • • •1.166 0.981 1.137 
Sawdust auloh 1.259 1 • .307 1.359 1.233 0.935 1.219 
Sawdust ino. 1.355 1.2.37 1.403 1elJ5 0.884 1.20.3 
., Y&l.ull 7.588** 49•.343** 2.374 1.804 5.7.33* 
L. s. D. 0.120 0.0613 - - O.OfH/ 

Table lVI. !be etteot ot fertiliser treatments on tbe potusiua 
content. of tbe 1eawe. (Awrage ot all plote) 

fert111•er Date •.,.rage
treat.nt lune 12 July 12 Aug. 12 Sept.l2 Oct, l2 

Check 1.248 1.165 1.308 1.169 0.892 1.156 
0 -150.100 1.26.3 1.268 1 • .358 1.192 0.921 1.200 

2oo- 0 - 0 1.261 1.166 1.318 1.16.3 0.922 1.166 
12-150.100 1.2.3.3 1.222 1.318 1.145 0.917 1.167 
25-150-100 1 • .3.32 1.213 1 • .381 1.190 0.951 1.213 
50.150.100 1.272 1.24.3 1.350 1.198 0.97.3 1.20"/ 

100.150.100 1.260 1.244 1 • .356 1.164 0.9.36 1.192 
200.150.100 1.240 .1.246 1 • .361 1.168 0.951 1.19.3 
400.150.100 1.223 1.213 1 • .392 1.18.3 0.9)9 1.190 
P Yalua 2.009 .3.865** 1.802 0.677 1.954 
L. S. D. - o.os1 - .. • 

!be ei.Dgl.e ete.r retere to t.be 5 per oent. eipitioant ~1.*** ft. double star retere to tbe 1 per cent e1an1f'1cant lew1. 
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Table IVII. 1'be effect or sawdust treat11ents on the absolute 
8Jiount of potassium in the leaves. (Grus ot K 1Jl 
40 leaves per plot; average of all plots) 

DateS.wduet averaae 
treat.Mnt JUDe 12 lul.T 12 Aug.l2 Sept.l2 Oot. 12 

P• ... P• P.• P• PI• 
Clean cult. 0.1014 0.1492 0.1930 0.2.421 0.1513 0.1674 
Sacust auloh 0.1012 0.2035 0.276.3 0.2882 o.199s 0.2137 
Sawduat inc. 0.0921 o.~o 0.2942 0.2903 0.1776 0.2086 . 

tabls XVIII. The effect ot fert111ser treatments on the absolute 
aao\Ult ot potassiu in the l.eawa. (Anrage of all 
plots) · 

rert1llaer 
trea..,.at 

Date 
JUI'Mt 12 Jul,r 12 .....12 •et.12 

average 
Oct. 12 

ill• P• P• P• P• P• 
Cbeok 0.0943 0.1560 0.2002 0.2315 0.1582 0.1680 
0 -150.100 0.0994 0.1821 0.2264 0.2453 0.1709 0.1848 

200.. 0 .. 0 O.\H19 0.1796 0.2606 0.2888 0.1749 0.2003 
12·150..100 0~0946 0.1711 0.2.444 0.2654 0..16'7? 0.1886 
2S.J.S0-100 0.1034 o.l867 0.2677 0.2868 0.1842 0.2058 
50.150..100 0.1002 0.1979 0.2812 0.2029 0.1908 0.1946 

100.150-100 
200.150-100 

0.0990 
0.0980 

0.180'7 
0.1908 

0.2667 
0.2747 

0.2634 
0.2871 

0.1804
o.l8oo 

Ot1980 
0,2062 

400.150..100 0.1021 0.1866 0.2603 0.2857 Ow1862 0.2042 
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Fig. u. The effect of sa-.Td.ust treatment on the potassium 
content of the leaves. (AVerage of all plots) 

Legend: A Sawdust IIDll.ch 
B Clean cultivated 
c Sawdust incorporated 
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llonth 

Fig. 12. The effect of fertilizer treatment on the potassium 
content of the leaves. (Average of all plots) 

Legend: (1) Check (2) 0-150-100 
(3) 200-0-0 (4) 100-150-100 

The fertilizer plots 5, 6, 7, 8 and 9 are not 
significantly different from no. 4. 
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Fig . 1). The effect of sawdust treatment on the total 
amount of potassium in the leaves. (Average of all 
plots) 
Legend: A Sawdust mulch 

B Clean cultivated 
C Sawdust incorporated 
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June July Aug. Sept. Oct. 

Month 

Fig. J.k. The effect of fertilizer treatment on the total 
amount of potassium in the leaves. (Average of all 
plots) 
Legend: (1) Check (2) 0-1.50-100 

(3) 200-0-0 (4) 100-1.50-100 
The fertilizer plots .5, 6, 7, 8 and 9 are not 
significantly different from no. 4. 



'' 
Red stele (f!!noPbthora tryarlae ~ countl 

"Red stele• is a root disease favored by cold -.et soU. 

The ~'lell region or stele ot the root, as it ia lm.o1m techn1cal.q, 

turaa red hence the naae •red stele•. It is a so1l•b6me dieeaae. 

Atter onoe establiehed in the soil the disee.se will persist tor 

JUnT ,ears in spite of crop rotation. This disease is wideq 

scattered in atrawbetT7·Produc1Dg dietriots of western Oregon. 

lhen growth started 1n the epring, infested plants grew 

very little or not at all, depending on the degree of infestation. 

1'be leaves usuall.T tuned a characteristi0$l.l7 red color earl11D 

the season. When warm weather appeared, aeverely intested plants 

wilted aDd died. !be wilting is the rea~ of the plant to tbe 

invasion of the water conducting tissues of the ro)ta b7 the 1\m.­

gue parasites. 

· Since the plants in. this experimental field were severeq 

infested by the l."ed stele, th1e disease aq be considered as a 

!aportant factor affecting tbe 7ield ot tbe crop. hrtlleraore, it 

was interesting to note that both sawdust and fertilizer treat­

ments bad signitioant effect on the infestation ot the plants by 

this disease. 

1 !he data obtaiDed with the help ot Dr. E. K. Vaughan, 
plant pathologist at Oregon State College. 

http:characteristi0$l.l7
http:disee.se
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"Table XIX shows that in the sawdust mulch plots the plants 

were most aevere]¥ intested while in the clean cultivated plots 

the pl ants were lsast Wested. The plants in the plots with 

higher rate of a1trosen application were more seYereJ.7 infested 

then those in tbe plots witho-g.t nitTogen fertilizer or with low 

rate ot nitl'ogen appllcat:Lo~... 
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Table XIX. Red stele (Phyto;ehthora fruariae) counts 

treatment cation 

I •4 
~ 
8 

J 
37 

4 
16 

~ 
5 

g 
34 

2 
0 

a 
29 

..,..9 
27 

n 1 2 18 2 6 41 18 36 20 
III 19 2 40 5 3 12 5 48 15 
IV 

II• 
I 

8 
a 
0 

8 
~ 
5 

10 
&6.a 
3 

9 
I 
0 

32 22 
;u,~ i2ai 
1 10 

24 44 38 · 
;u..a l9.a as 6aaS2i2 
1 1 ' n 0 4 20 2 9 9 0 5 0 

B m 0 0 15· 0 0 2 5 17 3 
IV 

I'!a 
I 

0 
Q 
4 

3 
l
0 

u 
~~a 
3 

2 
l. 
5 

0 
&.5 
16 

6,,.
31 

0 5 
1.~ z 
5 8 

2 
a 
4 

,.gg 
n 0 1 3 0 6 3 10 8 1 

c III 4 1 9 6 7 4 1 18 1 
IV 7 13 1 31 "7 7 0 40 34 

aT. .).8 ).8 4 10.5 9 ll.2 4 18.5 10 8.31 

lertiltaer II'P' 3,9 3.2 1Ju1 6,5 2·7 J.5el 5,8 21.16 12.3 

Salldust RepU.- FertUiBer treatment 

Jnal.7sia ot Tariance 

degree .... 
Source ot variation of 

treedoll 
ot 

square 
Man 

square r aignitioenoe 

Replication 3 434 144.67 1.65 
Sawdust 2 .3702 1851 21.11 
Brro:r (a) 6 526 87.67 

lertil1zer 8 3510 438.75 6.01 ** Sawdust x fertiliser 16 2198 137.38 1.88 
Krror (b) 72 5260 73.06 

Total lf17 1S6)0 

In the above table, A, B and C reter to the sawdust aulcb, clean 
cultivated and sawdust incorporated plots respectiwlyJ the arabic 
nWD.bers are the replications; and tbe llUJierioalllUJibera are tbe ferti• 
lizer plot numbers which are listed on page 20.

** The double star refers to the 1 per cent s1gnitioant lewl. 
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Qlean qultiyated spdyt ing. lawiutt mply 

4.00 S.Jl 18.00 

L.S.D. • 2.45J s I 87,67
J6 • 5.407 

3 



Yio14• pt"' p.ramm.a 

The data in Table JX indicate that there was no relponJe 

in yield from the fertilizer application. In tbe sawdust auloh 

plota the yields ot the fruit were s1gnif'icantly lower ~ 1l:l 

eitber the sawdust hoorporated plots or the olean cultivated 

plots. the lower yields in tbe tawdust aulch plots were particu• · 

larq pronounoed when ~r rates ot nitrogen fertiliser were 

used. In the sawdust incorporated plots the fields were a1gnit1• 

cantq higher than those in the other two treatments w:t here 

again nitropn at higher rate• -d dttpresaiw etf'ect on the yield 

ot the crop. 
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fable n. The yields of fruit in grams per plot. 

Sawdust Bepli• 1ert1liser trae.t.nt 
treat.nt cation 1 2 3 4 5 6 7 8 9 mean~ 

P• P• P• Ill• P• P• P• Ill• P• 

I 3198 21.12 1237 1540 3412 1110 1664 1072 1322 
II 2972 1132 1628 1354 784 194 1549 262 1428 

A III 1836 3184 1214 2884 3348 3571 2943 380 1720 
D 1284 1673 32.46 2188 648 1923 3161 291 1225 
av. 2323 2025 1831 1992 2048 1701 2329 501 1424 1?97 

I 1886 1550 2534 1956 ll50 2102 3274 3240 l2Cll 
n 2928 3516 2757 2100 204o 3072 3460 2926 4006 

B IU 4154 J+J49 2464 4734 1638 2670 5312 1418 4378 
lY 4208 3254 2354 2380 2538 1866 3339 4642 2908 
av. 3294 3U7 2527 2942 1.842 ~ .3846 3057 3l24 2908 

I 2008 4T11 2810 2160 2.146 ?93 2610 1525 1005 
II 320S 3902 4783 4172 at62 )4.52 3066 6038 '712, 

C III 2871 3209 2472 2202 1816 2156 4221 2086 3168 
IV 4376 5098 5220 2022 5000 3'12.4 3964 1748 1596 

· av. 3W 4245 3821 2614 29S6 2531 3465 2849 3374 3219 

Fertiliser •au 2911 3130 2726 2516 2265 2220 3213 2136 2473 

ADaqais ot variance 

degree ..Source of ot ot ...variation f!'eedca r •1p¥1oanoe
I !fl!!'! !<J'1!:ft 

Bep11oat1on 3 126l3570 4204523 0.958 
Sawdut 2 40239210 20119605 4.585 * Error (a) 6 26323508 4.387251 
FertU1zer 8 14680924 18.35115 1 •. 592 
Sawdust x 16 16329901 1020619 o.sss 

tertilJ.Hr 
Error (b) 72 82946813 1152039 

Total 10"1 193133926 

* !be singJ. star refers to the 5 per aent sign1t1cant level. 

http:tertilJ.Hr
http:treat.nt
http:trae.t.nt
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Groyp1pg ot SfJdus~ tn•t.Mnt "'I' 

SaJdut aulgh c:y.ap c\llUt&Hd hJdu, ing, 

1797 2908 3219 

x..s.n. • 2.;.5 j i! " ~U • 1210 



DISCUSSIOil 

~ Goodall and Grego17 (19, pp.47-58) point out., it the 

investigator works out a satiefaotor7 technique that takes into 

account the selection ot the suplee and the phfsiologioal stage 

of deYelopiQent of the given variety of a crop under tbe preYail• 

1ng weather conditions, plant tU18J.1sis can be ot great Yal• in 

predicting the fertilizer needs of plants, perticularl7 tor per­

ennial oropa. 

Since the plant consists of organs differing greatl7 :1n 

composition, the effect of variation 1n the proportion ot the plpt 

formed b,y the various organa w1ll be eliminated by confining tJMt 

anal)-sia to a particular organ, and thus the accuracr of tbe eat1• 

mation w11l be increased. 

Since the leaves are the organe of aotiw assimilation,. 

their composition should be the best basis tor estimating the 

nutritional status of the plant. It was belieftd, therefore, that 

absorption of plant nutrients f'rom the 1oU b.Y the crop should be 

reflected from time to time b.r changes in the relative or total 

amounts or absorbed nutrients found 1n the leaf tissue ot the 

plant. 

With a nutrient supply' in which all eleii8Jlts except o.ne 

are maintained at high level, tbe concentration within the plant 

ot the nutrient 1n llin1mum will rise with increasing extemal 

aup~. In general, the concentration of the element in the plant 



63 

will depend upon the specific relation of tbe nutrient to the 

p-owth process, the rate of uptake, and the rate ot ut111sat1on. 

Thus, with nitrogen deticieno)" growth remains slow; no auxiliar7 

Mristeu are laid down, but the uptake of other elements ncb &s 

pbospbol"Us and potassium does not cease aDd these are, tberetore1 

present in relative}¥ abtndant concentration 1n the tissues. The 

1&118 is true to a less extent with pbosphoru de.ficieno7, wberea• 

with potassi\111 defioieAo7 growth does not cease and eo the nitl'Q• 

pn concentration ~s not rise to the sa. degree. The point to 

be stresaed is that the relative concentration of the nutrient 

elements in the tissues ls no •asure of the lewl ot euppq ot 

azq particular ele•nt, ba.t depends upon the total suppq ot all 

ele•nts - to a Yar;ying deere• according to tbe importance ot a 

particular ele•nt in the •ta'bolic processes. It is lleliewd 

that nitrogen plqs the chief pert, followed b7 phospborua and 

potassiua, to D8D8 onq the three major nutritive elements. In 

a balanced srstea ot nutrieuts, at aJlT particular stage ot growth 

the relatiw conoentratioua ~aq ·reuJ.n unchanged although the aise 

ot the plant, and hence the 7ield also, rises with increastnc 

dosage ot the DDtrients. 

The laat anal1'ses made at ditterent stages ot dewl()Jaent 

of the plants showd the aeasonal changes of the ditterent 

nutrient eleMnts. The potassium content was high ·in JUDe tbeD 

graduall7 decreased untU leaf senescence in October. Tbe 



phosphol'US content began similarly' with high "'&l.ues, and rema1ned 

practically' constant during the rema1n,ng period. The nitrogen 

value was first high then declined somewhat and again increased 

at the time ot fruit bud di.fterentiation. 

The 1Ditial high nutrient content ot the leaves ru:r 'be due 

to the slow rate ot growth. J.s the plants rapidly grew the d1· 

lut1on tactor due to growth aight account tor the decreased 

nutrient content of the leavee although the total amount of nutri• 

ents absorbed was considerablr increased. This is a tundeMntall.T 

illlportant tact, bacauee arc>wth 1.Jm)l'fes increase ot volume end a 

oontinuoue dilution or the nutrient aubetances. 

Allot.ber factor which should also be considered is the 

mow•nt of n1trogen trom the storage organs nch as roots to the 

ase1ailatiug organs such as leave• aDd vice versa during tbe 

erowirag eeason. Long {)2, pp.386-388) reported from his ual.Y81• 

ot the strawberry crown and root that Dearq 80 per oent of the 

total nitrogen was in the leaws in the earq spring and that 

there was a seasonal percentage decrease ot nitrogen in the 

leans and a concOilllittant increase in 1"00ts. 

As the season progressed the leaves trom: the sawdust 11Ul.eh 

had the highest nitrogen content, while the leaves troa the saw­

dust incorporated plots had the lowest nitrogen content. The 

nitrogen dellallds •re·· greater when the sawdust was incorporated 

with the soU than when used as a surface mulch. This agrees 

with tbe results or the preliminar7 investigations b7 tbe Oregon 
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Agricultural lx:perS..nt Station. The nitrogen deaand tor cor~ 

recting the depressing effect ot sawdust on the nitrogen euppl.J 

in the aoU to plant depends not only on the aaount of se.wduat 

present but also on the rate ot decomposition ot the aaterial in 

queation. In the aawdust mulch plots the sawdust decompoaed ao 

slowq as to haYe no depressing ettect on the a'Y&ilable nitl'OINl 

in tbe eoU while in tbe sawdust incorporated plots the aawduat 

decoapoaed .are rapidl7 than in the sawdust mulch plote and heiaoe 

the demands tor nitrogen are greater. 

In the check aDd phosphorus-potassium plots dr7 weigbta 

ot the .leaws were signif.'icantly ~~~~aller than those in the plota 

with nitrogen tert111Hr. Nitrogen is the chiet nutriant element 

which pr0110tes the wgetatift growth ot tbe plant. 1'wenty-t1w 

pounds ot nitrogen per ·acre in the fourth year as sufficient to 

tab care ot the depressi'f'e ettect or sawdust on plant growth. 

There were no significant differences among the higher ratea ot 

nitrogen appllcat1on. 

!be plant tr011 the plots with higher rates of nitrogen 

application had aignifioantl.y higher nitrogen content than those 

from plots without nitrogen or with low .rate ot nitrogen applioa• 

tion. In the Check aDd PI plots phosphorus was alR78 higber 

than in the plots tertil.ised with nitropn. litropn promoted 

the vegetative growth or the plant aDd hence decreased tbe 
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percentage or other constituents in the leaves. Growth involws 

increase or volume and a dilution of the nutrient substances. 

In comparison with clean cultivation sawdust mulch and 

sawdust incorporated treatments gave better growth, increased the 

absorption of nutrients fUld facilitated such operations aa haneat­

inl aDd weed control. Sawdust IIUl.oh and nitrogen fertiliser 

particularly with bigh rate ot application increased the intea­

tation of the roots bf the red stele disease. !be succulent 

wgetative growth of the plant caused b,- the application ot nitro­

gen tertUiser was conducive to the disease attack on the ODe 

hand, while the sawdust aulch favored the activity of the dieeaee 

organiaa due to the favorable moisture condition of tbe soil on 

the other. 

In the sawdust mulch plots the yields of truit were aig• 

nitioantly lower tban in either the sawdust in.corpor&ted plota or 

the clean cultivated plots. The lower yields in the sawdust mulch 

plots were perticul.arlf pronounced when higher rates ot nitrogen 

tert1l.i.ser were used. In the sawdust incorporated plots the 

yields were significantly higher than the other two tl."eatJDents 

but here again nitrogen at higher rates of application had a de­

pressive effect on the yields of fruit. It is obvious that the 

lower yields ot fruit in the sawdust auloh plots were not due to 

the depressive effect of sawdust on the nitrogen eupp}7 1n tbe 

soil to plant. In fact, sawdust 11\llch particularly associated 
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with higher rates of nitrogen fertilizer increased the degree ot 

~este.tion of the roots by tbe red stele disease which probably 

caused the decreased ;yields of the crop. 

Th~re was no response in yield from aey- fertilizer appli­

cation. This is in accord with the results shown in the review 

at literature which 1ild!cates that the response of the straw­

berry to the application ot tertUizer is extremely variable. 

In addition to the causal factors such as insect peste and die.. 

eases the plants themselves show the aost marked variation as a 

result of slight difference 1n the ph7sical condition or the soil 

such as drainage, and are also eensiti'ft to local climatic con­

ditions. Purtheraore• the root system ot the strawbeiT7 plant ia 

ve-q shallow. Strawberry will arkedly respond to the aoisture 

variation in the surface soil as well as to the placement or the 

fertilisers. Ball and llum (3, pp.l04-ll2) e:xamined strawber17 

plants for root distribu-tion and found b7 eect1onin.g various 

l.qers or- soil that about 70 per oent or the roots (on dr7 weight 

basie) were located in the upper 3 inches and onl.7 10 per cent 

below the six-inch lenl. They also expressed the doubt that 

l&teral•feedi.Dg roots extend mnch be1Qnd the spread ot the leavea 

in tbe young growing strawberry plants. 

http:l&teral�feedi.Dg
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In coaparison with olean cultivation sawdust culture both 

when used as a aulch and when incorporated saw better growth, 

increased the absorption ot nutrients and facilitated such oper• 

ations as han'esting and wed control. Sawdust culture .ad .nitro• 

gen fertiliser particularlJ' with the higher rates ot application 

increased the inteatation ot the roots 'b7 the red stele diaeaae. 

In the sawdust aulch plots the yields of the fruit wre 

signiticantl.T lowr thaD those in either the sawdust incorporated 

plots or the clean cultivated plots. !he lower yielda in the saw­

duet llulch plots wre particularl.T pronounced when higher ratea 

of' D1trogen f'ertillier were used. 

The l.eat analysis aade at different stages or d..,.l.ople.a.t 

of' the plants showed that the nitrogen content •s high 1n June 

then declined somewhat in August and increaaed again at the time 

of' fruit bud dif'f'erent1ation. The potassiua content was high in 

June then gradual.l.T decreaeed untU leat semacence in Ootober. 

The phosphorus content began e1milarly' with high values, aDd 

remaiDed pract1call7 constant during the reaa1ning period. 

In the check aDd phosphorue-potassiwa plots dr7 weighta of 

the leaves were signitioantl.7 -u.r tban those in the plota 

with nitrogen fertilizer. Twenty-five pounda of' nitrogen per 

acre in the tourth ,-ear was sutficient to take care of' the de­

pressive effect of' sawdust on the plant growth. There were no 



aip1tiC81lt differences among the higher rates of nitrogen applica.• 

tion as far as the dr7 weight of tbe leaves was ooncerDed. 

Aa the season progreseed the leaves from the sawdust IIUlch 

plots bad the highest nitrogen content, while the leaws tr011 the 

sawdust incorporated plots had the lowest nitrogen content. The 

nitrogen deaands Wl'e greater when the sawdust •• 1noorporate4 

with tbe soil thaD when uaecl aa a surface mulch. 

Tbe plants from the plots with higher rates of nitrogen 

appllcatiOD bad signiticantl)- higher nitrogen CQiltent than tho" 

trom plots without nitrogen or with low rate of nitrogen applica­

tion. In the check and PK plots phoaphorua as alWB.7a higher thea 

that in the plots tertilbed with nitrogen. !he fertiliser treat­

Milts had only alight effect, it 8.l1'1, on the absorption ol 

potassium b;y the plants. 
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