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THE INFLUENCE OF PEAT .SOIL ON CROP QUALITY·· 
,_'. 

Introduction 

BY T. R. GORMLEY 

(Kinsea)y Research Centre, Dublin 5) 

. -_\ ... _-. -·.-:<:-~ /: 

~~' 
Peat has a good potential for crop growth because of its m~ny el<ceilent 

. physical properties, e.g., uniformity and water· holding capacity .. Much ~as. 
been said about the high yields that may be obtained in peat, however,·· little 
information is available on quality, especially in comparison with crops grown 

\in mineral soi.I. · · · 

. In Ireland peat is being used for the production of vegetables, fruit. and 
. flowers both outdoors and under glass and plastic. Experiments on carrot 

quality from peat and mineral soil began in 1969, and tests o~ t0matoes ,and 
strawberries were carried out in 1971. It is essential that quality shm!ld·,be 
studied because the time is fast approaching whe.n the quality food product 
will be fully recognised and will command a premium price. In addition to 

.t.he fresh market, processors also.want top quality because they recognise that 
a high quality processed product requires top grade raw produce .. 

Soil type and Carrot quality 

Carrots are an important crop in Ireland (more than 3,000 acres in 1971) 
and over a quarter of the total production is processed. Gormley ~t al (1971) 
tested samples of cultivars Nantes 1003, Amsterdam 558 and Sweetheart in 
1969 and Nantes 1003, Touchon and Sweetheart in 1970. R\lots ofeach cultivar 

· were grown in peat and mineral soil. The!"e were three harvest dates in 1969 
and two in 1970. Two weeks separated each harvest date and there were three 
field replicates. The number of days from sowing to harvesting was the same 
for each cultivar. Roots (JO per sample) were tested for dry matter content 

'(DM), reducing sugar content-Shaffer Somogyi method (Laboratory Method 
Sheet, 1967), carotene content-by extraction (Gormley, 1971) and texture~ 
usi~g a .~hear press{Kramer, 1951, Gormley, 1971). . .· .. · 

•'••I· , , . . . 
The'tesults (Table I) show that peat grown carrots had significantly lower 

jevels fo[DM, carotene, reducing sugar and.shear than those grown in mineral 
· ·'" •• · soil. A,ll'levels, except reducing sugar, increased with successive harvests for 

·roots grown in mineral soil; reducing sugar fell progressively. For peat grown 
samples only carotene increased with successive har.vests while reducing sugar, 
DM and shear values increased between the first and second harvests, but fell 
again between the second and third (Table I). 

Paper given at H.E.A. Autumn Conference, DubJin, 1971. 
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TABLE I 

COMPOSITION AND TEXTURE OF CARROTS GROWN IN PEAT AND MINERAL SOIL 

(1969} (MEANS OF THREE CULTIVARS AND THREE FIELD REPLICATES AT THREE 

HARVEST DATES) 

HARVEST ] HARVEST 2 HARVEST 3 
Peat 't test' Mineral Peat 'ttest' Mineral Peat 't test' Mineral 

DM ('.~~) 9.70 ... . 13 .. 76 10.36 ••• 14.80 9.66 ••• 15.18 
Carotene 6.82 ••• 15.46 8.42 ••• 18.89 10.44 ••• 20.89 
(mg;IOOg fresh wt.) 
Reducing Sugar ( %) 2.67 ••• 3.63 2.70 ••• 3.18 2.04 **' 2.59 
Shear (lb.) 1226 ... 1367 1274 ••• 1388 1262 ••• 1408 

FoOtnotes: 1. ***. Sjgnificant (p -<::: 0.001) 

In 1970 peat grown roots had lower levels of DM; carotene and shear than 
those from mineral soil, but reducing sugar contents were higher (Table II). 
In contrast to results obtained in 1969, DM levels remained static in peat 
grown roots, and fell in rnineral grown .roots in the second harvest; shear 
values also decreased between the first and second harvests . 

. TABLE Il 
COMPOSITION AND TEXTURE OF CARROTS GROWN IN PEAT AND MINERAL SOIL 

(1970) (MEANS OF THREE C.ULTIVARS AND THREE FIELD REPLICATES AT TWO 

HARVEST DATES) 

Peat 
DM (%) 10.30 
Carotene · 7 .31 
(ing/IOOg fresh wt.) 
Re~i.Jdng Sugar ( %) 3.l9 
Shear (lb.) · 1333 

Footnotes 
1. * , Significant (p -<::: 0.05) 

· ** , Significant (p -<::: 0.01) 
*** , Significant (p :<::: 0.001) 
NS , Not significant 

HARvEsT 1 
't iest' Afineral 
••• 15.30 
*** 16.20 

NS 2.97 ... 1448 

HARVEST 2 

Peat 'ttest' Mineral 
10.32 • 13.81 
8.90 •• 16.80 

3.05 • 2.62 
1267 •• 1333 

Oatl! in Tables 'I and II are means for three cultivars. Figures for each 
individual cultivar were simfiar to the means in the tables except for Nantes 
which had a much lower carotene content in both soil types in 1969 and only 
carotene increased with successive harvests. 

Since DM and reducing sugar contents of carrots from peat soil were lower 
than those from mineral soil in 1969, taste. panels tests were carried out 
(Gormley, et al, 1971) to see if the panel could detect the carrots grown in peat. 
The results (Table III) indicate that it did and the peat grown roots received 
the lowest scores. The score of + 0.50 (ideally 0) given to the coded sample 
of standard was rather high and was due to two members of the panel giving 
the sample a high rating. Unfortunately, taste panel tests were not carried· 
out on roots from the 1970 experiments. In this season peat grown roots had 

'::·_'. ___ ..._ ___ _ 
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higher reducing sugar contents but lower DM values and it would have been 
interesting to know if the panel ·would not prefer the peat grown roots (highest 
sugar) rather than mineral grown ones (highest DM content). 

TABLE III 

REl.AT!ONSIIlP BETWEEN PANEL SCORE FOR FLAVOUR ON COOKEDt CARROTS AND 

THE SUGAR CONTENT OF THE RAW SAMPLES 

Sample 
Sweetheart pa 
Sweetheart M 
Nantes P 
Nantes M 
Amsterdam M, coded 

standard 

Panel score for 
jlavour2 

-1.08 
0.00 

-0.83 
+0.50 
+o.so 

Reducing sugar ( ~'~)· 
in raw carrots 

2.16 
2.60 
2.21 
2.45 
3.14 

F-test (Panels), NS df = 1, SE ~ 0.16 Rank correlation coff. = 0.83 
. F-test (Samples), ••• df ~ 1, SE ~ 0.25 

FOOTNOTES 
1. Carrots frozen before cooking. 
2. Mean score for 12 estimations; 2 panels x 6 tasters, scoring: system; , 1, + 2 = 

better in flavour than standard; - 1, - 2, = poorer in flavour than stand<J.rd· 
zero equal to standard in flavour. 

3. P = peat, M = mineral. _ , . 

These data, however, indicate that carrot compCisltion seems to be infe~jor 
on peat soil. The differences found in this experiment may be due to rate of . 
growth in the two soil types. The roots grown in peat were larger and probably 
had a better supply of water because of the greater water holding capacity of 
the peat soil. 

The lower DM and carotene levels in peat grown carrots could have 
implications for processing. For example, lower DM content wonld affe;:t 
the amount of product ol;>tained after dehydration and lower carotene levels 
would be important in relation to canning, freezing and drying since carotene 
gradually breaks down with time, The product, therefore; might have a poor 
colour which could deteriorate further during. storage. On the other hand 
yield is generally higher on peat and the absence of stones and clods facilitates 
mechanical harvesting. Also the potential scale of operation could be much 
larger on peatland. Therefore in economic terms carrots grown in peat could 
be a better proposition than mineral grown roots despite the lower compo
sitional values. However, further research into new cultivars for growing .in 
peat is necessary in order to obtain compositional values approaching those 
of mineral grown roots. Tests must also be done on the relationship betwee.n 
yield and quality. · · 

Soil type and Tomato Fruit quality 

Spring crop tomatoes (cultivar 'Extase') were grown in three soil types 
(peat, mineral, 1 : 1 peat/mineral) at five levels of base fertiliser from 0·5 \o 
2·5 times the standard Kinsealy rate (Woods and Kenny, 1968). Levels of 
N, P, and K in the base were varied while the trace elements were the same 

:·-:· 
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· throughout. The plants were grown in trays (61 x 61 cm, two plants in each) 
and. there were four replicates. The plants were fed and watered by the hose 
system. All treatments received the same amount of water and feed. Soi!· 
. . . .~ . .· .. 

specific conductivity (SC== """10) readings were taken each week (16 weeks} 

an.d plant height was measured for the first 10 weeks. Fruit was graded into 
marketable, remnants and that with blossom-end rot (BER). Analyses for 
titratable acidity, % soluble solids (% SS), K content in juice (K juice) and 
speCific conductivity of the diluted juice (SC di!. juice) were carried out on 
fruit from each treatment. Samples were also evaluated for flavour by a taste 
paneL The effects of different levels of base fertiliser will be discussed in 
another paper and will not be mentioned here except where an interaction 
occurred with soil type. 

TABLE IV 
CHEMICAL COMPOSITION OF TOMATOES GROWN .IN DIFFERENT SOIL TYPES (FIGURES 

AVERAGED· OVER FIVE LEVELS OF BASE FERTILISER) 

1 : I 
Peat Mineral peat/mineral :.£-test SE 

~ ~ Soluble solids 6.1 6.7 6.5 • 0.14 (df = 40) 
Titratable acidityl 0:84 0.94 0.94 ••• 0.02 (df = 40) 
sc2 .. diluted juice. 92 94 97 • 1.33 ( df = 40) 
K (ppm) juice 3318 3678 3732 - *** 71 (df = 40) 

FOOTKOTES ·. .. _ , · 
t;· Expressed as milliequivalents-;icid per 10.ml expressed juice. · 
2;:_ ConduCtivity of tomato fruit juice,_ dilute 1 part juice with 9 parts water. 

The results (Table .IV) show that growing in a I : I peat/mineral mix gave 
the- highest levels of acidity, conductivity and K in the fruit while peat gave 
the.~owest levels. Thi:se results suggest that fruit from peat/mineral soil should 
ha Ve the best flavour' since they have thehighest K content. A taste panel test · 
was carried out on samples from the three soil types· grown at standard and 

. twice standard base fertiliser levels. The 10 member panel was asked to rate 
flavour of the samples from first to sixth. A ranking-range method (Kramer 
and Twigg, 1966) was used for statistical analyses of the results. 

Fruit from plants grown i;i. peat/m.ineral soil at double the standard base · 
fertiliser level received the highest panel rating (p '( 0·01) and had the highest 
K. content (Table V). In contrast with this, fruit from the same soil type at 
.the standard level of base fertiliser got the lowest rating even though its K . 
content was only fourth lowest. Fruit grown in mineral.soil was rated higher 
for flavour than that from peat. However, it should be pointed out that the 
flavour of fruit from peat was still very acceptable. The panel results are in 
reasonable agreement with the results in Table IV except for the sample grown 
in peat/mineral soil at the standard base fertiliser level (Table V). These data 
suggest that, under the conditions of this experiment, a pure peat substrate 
may not give the best fl.avour; however, in a mixture .with mineral soil the 
composition and flavour is improved. 
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A number of theories can be put forward for these compositional differences. 
Plants grown in peat were significantly taller after five and nine weeks indicating 
more vigorous growth (Table VI). Total yield was also greater for this treat
ment (Table VII). This suggests, therefore, that high yielding treatments may 
adversely affect fruit composition to some extenL This situation could arise 
when growth is vigorous and yield heavy. When peat and mineral soil are 
combined the advantages of both seem to pe enhanced and a situation is 
at.tained where a good yield of high quality fruit is obtained. Peat soil also 
gave more remnant fruit and a high incidence of BER. 

TABLE V 

J TASTE PANEL FLAVOUR EVALUATION OF TOMATO FRUIT FROM THREE SOIL TYP)OS 

GROWN AT NORMAL AND TWICE NORMAL BASE FERTILISER LEVELS 

Sample Panel Score Panel Preference K(ppm) 

PI 41 4 3850 (6) 
Ml. 28 2 . 4250 (2.5} 
PM! 46 6 4150 (4) 
P2 · 42 5 . 3950 (5) 
M2 35 3 4250 (2.5) 
PM2 18 I 4450 (I) 

FOOTNOTES 
1. P, M, PM deilote soil-types, and 1 and 2 fertiliser levels. 
2. Range for significance at.p :<:: 0.05 = 22-48. 

Range for signi_ficance at p :<:: 0.01 = 20-50. . . 
3. Correlatio11 co~cient (rank method) between panel preference and K content ;,, o.1s; 

TABLE VI 

HEIGHT OF TOMATO PLANTS. (CM) GROWN IN THREE SOIL ~PES. (MEASURED AT 

TIME OF PLANTING AND AFTER l'IVE AND NINE. WEEKS) 

Time 
··A-t plantirig 
,.At 5. weeks 
At 9 weeks 

Peat 
40 
89 

138 

Mineral 
41 
82 

115 

Peat/Minera! 
40 
87 

131 

TABLE VII 

F-tes{ 
NS ... 
••• 

SE·. 

0.57 (df = 42) . 
0.99 (df = 42) 
2.23 (df = 42) 

YIELD DATA (KG/TWO PLANTS) FOR TOMATOES GROWN IN THREE SOIL TYPES 

Yield Peat Mineral Peat/Mineral F-test SE 
Marketable 3.50 2.84 3.57 •• 0.16 (df = 42) 
Remnants! 1.14 0.44 0.53 ••• 0.07 (df ""' 42) 
BER 0.72 O.Q4 0.10 ••• 0.04 (df = 42) 

Total 5.36 3.32 4.20 ••• 0.19 (df = 4?J 

FOOTNOTE . 
1. Remnants include all non-marketable fruit other than thOse with blossom-end rot (BERJ. 

j 
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'An interaction (p z 0·05) was obtained between soil type and base fertiliser 
level in the case of fruit wlth BER. The l ·5 standard base gave the highest 
i111;idcnccof IJER for pcul 0a11d 111i11crnl soils, hut the second lowest for peal/ 
mineral. However, incidence of BER was high at each base level in peat anr! 
this suggests that it may be an effect of the peat rather than the base fertiliser 
or an effect of bad_ irrigation practice. Blossom-end rot is often attributed 
to an irregular water supply but, under low moisture conditions peat should 
be a better reservoir than mineral soil. However, it is possible that trays 
containing mineral soil may have been watered more than the trays with peat, 
especially since the watering was carried out by the. hose system. When trays 
wiih peat and mineral soil are side by side an operator could tend to concentrate 
to a greater extent on the trays with mineral soil since they look drier. It is 
possible that plants grown in peat, therefore, might have been subjected to a 
\\ia.i.t•.r- ~tress on son_~t ()C(',asions which could h:ive! contributed to t_l_ll~ high 
incidence of BE.R. This, however, seems unlikely. This experiment will be 
repeated using a trickle system so that each tray will get the same amount of 
water and it will be interesting to note if the incidence of BER in pure peat 
\viii dt'lTCa!'ic. rt is u~1likcly.-howcvcr. that fruit conlposition will change sint·c 
hi9rc recent"expcriments at_ Kinsealy have shown higher K levels i_n fruit fro1i1 
mi.neral soil than from peat (Prasad; 1971). · 

TABLE vm 
SOIL ,SPECIFIC CONDUCTIVITY (sc) LEVELS IN THREE SOIL TYPES AT TIME OF 

PLANTING AND AFTER FIVE, TEN AND FIFTEEN WEEKS 

Time Peat Mineral Peat/Minerql F~test SE 
At.planting 120: 142 123 •• 5.3 (df = 42) 
At 5. weeks 102 157 I50 ••• 8.4 (df = 42) 
At._10-weeks · 142 140 133 NS 8.1 (df = 42) 
At 15-weeks 119: 93 119 NS 10.8 (df = 42) 

Soil SC levels at various stages in the experiment are presented in Table VIII 
and it 'is evident that peat had the lowest salt content early in the experiment 
but the highest or joint highest at the end. However, values are such that they 
dd not explain the high incid~nce of BER in peat soil. This lends further 
weight to the theory .that plapts in peat were not watered sufficiently. 

Soil type and Strawberry quality 
Fruit quality of cultivars of 'Cambridge Vigour', 'Templar' and 'Elista' from 

peat and mineral soil was compared in 1971. This was a preliminary experiment 
and definite conclusions cannot be drawn until it is repeated for at least two 
more seasons. 

Fruit (three replicates) was tested for pH, titratable acid content, per cent 
soluble solids content, texture and colour of skin, flesh and puree. Colour 
was measured by reflectance with the Hunter Colour Difference Meter. Samples 
were frozen in liquid Freon and the amount of drip on thawing was measured. 
The thawed berr.ies were evaluated by a taste panel. 
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TABLE IX 

CHEMICAL COMPOSITION OF STRAWBERRIES GROWN IN PEAT AND MINERAL SOIL 

(MEANS FOR THREE CULTIVARS) 

pH• . .· 
Titratable acidity2 
%· Soluble .Solids 

FOOTNOTF.S 
I. Mrnsnrcd on purec. 

Peat · 
3.5 
1.42 
8.5 

Mineral 
3.2 
1.49 
8.4 

F-test 
••• 
NS 
NS 

SE· 

om w~ JOJ 
0.034 (dF ,= JO) 
0.10(dF~10) 

? Tlt1n1!1hh• '!d,litv 11q 111llllt•1p1iv11IPlll'I 1\ehl 1w1· 10 ~ p11i·1·f' 

I - .. 

ji,.,11 .... 11 t•.•11i-11111~ ~1 1111 it ;olt!nlll•'•111ll.l lllti.111., \II L i•11i 111.I 11_·••_!d1>:-r:1 oi'•·1i·!1o1_~.-

~1.j_d _o_r. ~()~-~P~!!~!_l_~_~_s _C'?_~:~nt J_f?_~_te l_X)~'-1i!~_0j_~~--y_n ~he_ elti;;~t_Q_tpJ-J_Qri_rQhH1J_ 
,_,.stability in strawberries (Sistrunk, 1970) indicated that lower pH value.s 

(circa 3·0) seemed to give best colour stability as measured by optical density 
and Hunter Colour Difference Meter. 

'Elista'. had a lower acid content (p W 0·001) than the .other two cultivats · 

wl11k 'l\a11J>li11' 11:111 H hiuh•;r l'"r i'rl!I ~lih1hlc M>liile »••111t:n1 i1• · ii lilii 1 lh· 
,,;1.:n1 ht I 1i· il11c~ ctililhils (,,,, dgi1llit:11Hl;tlll1<:iHli 11-i ,,,;,.1;11,,, H1,;,+;J 
'Elista' gave lower L values for flesh, skin and puree indicating it was darker 
and also higher 'a' values showing that it was redder. · · 

Significant interactions were obtained between cultivar and soil type for 
acidity (p <2'. 0·05) and per cent soluble solids (p <2'. 0·001). The first interactiori 
was due to the fact that 'Elista' had a much lower acid content in. peat soil 
lhnn- ill n1inrnl'l -Nnil. "TC'1riplnr' l~nd n_n l'q_1.1:il ncid conlrtft in hoth snil f)•pf•; 

while 'Can1hridge-Vigour~ _had a higher acid content in peat._ ~rhc inter;u.:tlon 

in !he case of soluhle solids was'"""~'' hyn similnr effect. 

Hunter L, 'a' and 'b' values on puree of fruit grown in the two soil types were 
not significantly different showing that soil type did not affect purec colour. 
Hunter 'a' values. were different (p <2'. 0·01) for skin coloQr, in this case peat 

'soil (a = + 34·4) gave fruit with redder skin than mineral soil (a = + 31 :5.). 
··Colour readings on the flesh gave different (p <2'. 0·05) Hunter 'b'.values.showing 

that peat grown samples (b = + 18·7) were less yellow than mineral grown 
ones (b = + 19·2). Even though some of these values were significantly differ
ent. in practical terms colour differences were sm~ll. - · 

TEXTURE, DRIP LOSS AND FLAVOUR EVALUATION 

Pc:il p;ro\vn fruit WUR soflcr (p ;-: 0•001) (4:! lh. f<)f_Ct") than that frnn1 llliJH.'r;l'J 

soil (49 lb. force) as indicated by shear press reading. Of the three cultiv:1r;, 
'Tcmplar' was softest (p . <: 0·01). A significant interoction for texture 
(p ,,,, 0·001) wnN ohluiuctf hC"twccn Noil type 11nd cullivnr: -·rhi."' \\'as due 111 
the fact that 'Cambridge Vigour' and 'Elista' were firmer on mineral soil while 
"I'emplar' was firmer on peat. 

~ . 
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Freon frozen samples were placed in funnels and were allowed to thaw for 
' four hours. The drip was collected in beakers and was weighed. Mineral 

grown fruit (14'4 per cent) gave less drip (p ~ 0·001 : SE = 0·73) than that 
:·. from peat (34·0 per cent) indicating that cell damage during freezing was much 

less in the former. Differences in drip were m large that it is possible that 
: pectin content and cell· structure may be different in fruit from the two soil 
.·types: Further studies will be required on this topic in future seasons. 

In the case of the individual cultivars, 'Elista' gave less (p ~ 0·001) drip 
(16·9 per cent) than 'Templar' (26·8 per cent) or ~Cambridge Vigour' (28·9 per 

. cent). These differences are important since it fa likely that the amount of 
strawberries frozen in Ireland will increase and it will be essential to have 
cultivars ·with good freezing characteristics. 

Thawed fruit from the drip experiment was evaluated for flavour by a 10-
member taste panel. The panel was asked to rate flavour of samples from I st 

. to 6th. The .results (Table X) show that fruit from mineral soil was rated 
highest except for the cultivar 'Elista' which was downgraded on both soil 

··types. The low flavour score for 'Elista' is unfortunate since this cultivar gave 
least drip, It should be emphasised that the paqel was carried ouffon frozen 

· fruit and the poor texture of the samples from peat may have contributed to 
the low flavour rating even though the panel was asked not to allow texture to 
influence its decision. · 

TABLE X 

.. rAsrn PANEL.FLAVOUR EVALUATION oF THREE STRAWBERRY cuLnvARs GROWN 

IN• PEAT AND MINERAL ~OIL 

·FOOTNOTES 

Sam}Jle 
Temp Jar 
Elis ta 
C. Vigour 
Templar 
Elis ta 
C. Vigour 

1. P = peat, M = mineral. 

(P) 
(P) 
(P) 
(M) 
(M) 
(M) 

Panel Scoie 
40 
44 
37 
25 
40 
24 

2. Range for significance a! p <::: 0.05 = 22--48. 
. Range for significance a p :<e 0.01 = 20-50. 

Conclusions 

Panel Preference 
4.5 
6 
3 
2 
4.5 
I 

The main conclusion of these experiments is that, in general compositional 
values for carrots, tomatoes and strawberries were lower in peat than in mineral · 
soil. The lower values for tomatoes grown in peat were accompanied by a 
higher yield; it was not possible to establish if this was also the case for carrots 
and strawberries since the plots were not yielded. It is likely that a balance 
exists between rate of growth, yield and composition and further studies should 
be carried out on this topic. Nutrition of crops in peat must also be more 
carefully assessed. 
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It .is likely that cultivars will differ widely in their response to different soil 
types, so the testing of existing and new cultivars for their suitability for growing 
in peat must be continued and intensified. 
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