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,” FEr{ILIZATION OF SUMMER CARA POTATO ~VARIETY

o " By

red 7 A M.El-Gamal

Faculty of Agric. Helwan University, Alex. ,Egypt.

,,f”’j ABSTRACT

Two summer experiments 33 were conducted during 1986 and 1987,
using Cara potato variety. Three levels of each of nitrogen, phos-
photus and potassium fertilizers wersa used. Results of this study
1ndicated bthat none of the studied factors had any gound effect on
aither plant stand or number of stems per plant. Potato tuber yield
and the percentage of seed sized tubers were greatly affected by
either nitrogen or potassium levels,; while phosphorus was with minor
affect. Some interaction effects were noticed among nitrogen, phos-
phorus and potassium levels on tuber yield. The combined effect of
the levels of both nitrogen and phesphorus szignificantly affected
the seed sized tuber percentage. Marketable tubers were affected by
the growing season, and the levels of each of nitrogen and potassium
fertilizers. Significant interaction effects were noticed between
nitrogen and phosphorus levels to modify marketable tubers. Potato
tuber dry matter was significantly affected by either nitrogen or
potagsium levels or by the combined affect of both.

While high levels of nitrogen resulted in great losses in tuber
veight and early sprouting- under nawwala storage conditions, potas-
sium gave the opposite reaction. Phosphorus effect on stored tubers

was lower than the other two elements.

It might ba recommended that 225 Kg N, 45 Kg P705 and 156 Kg K20/
Fad., could be used in fertilizing Cara potato fields. When the pro-
dution of seed sized tubers is desired for seseding the following fall

or winter (Meheyara) plantations, reducing the potassium level to 130
Kg K)O0/Fad. could be the best.

INTRODUCTION

Knowledge of fertilizer responses and optimum fertilizer levels
for different soils in Egypt is essential to efficient potato produc-
tion. The amount of fertilizers absorbed by potato plant differ from
researcher to another. While Hawkins (1942) estimated the rate by

120-160 1b of nitrogani 25-30 1b of phosphoric acid and 200-250 1b of
potassium, Carpenter (1963) estimated it by 100-125 pounds of phospho-

ric acid and 150 pounds of potassium per hectar. Rates of N:PyOg:Ke0

of 1:1.5:1 or 1:2:1 were suggested by Chamberland and Scott(1968).This
balance would be satisfactory by the formula 8-12-8, the rate of app-
lication might range from 800 to 1200 pounds per acre. In Canada

Flution and Findlay (1964) recommended the application of 1600 pounds
per hectar of 5-10-13 fertilizer which gave the maximum yield with
irrigation. The general recommendation for fertilizing potatoes in
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eastern Virginia has been to apply 100 pounda per acre of each ¢
P20s5, K70 on bands at planting in the non-irrigated soilas. On the
other hand in irrigated soils, the rates were sharply increased to
reach 750-1000 pounds per acre to obtain the nigheat potato yield,

as demonstrated by Dunton (1967). Recently,in Behiera,Egypt,E1-Gamal
(1985-a) obtsined the nighest Cara potato yield in clay loam soil by

using 285 Kg N/Fad., when P205 and X720 levels were 93 and 72 Rg/Fad.
respectively. When either level, 104, 130 or 156 Kg K70/Fad. was
used he (El-Gamal, 1985~c) gained the highest Cara potato yield when
N and P,Os levels were 200 and 93 Kg/Fad.; respectively. Moreover,
the same auther (El1-Gamal, 1985-b) obtained the maximum yield from
the same variety when 75 Kg P205/Fad. was used, through it was not
sigolficantly different from the level 50 Kg PHO0s/Fad., when the
rates of N and K70 were 200 and 72 Kg /Fad., regpectively.

El-Gamal (1985-a) did not find any effect of the incressed N
level up to 285 Kg N/Fad., on either plant stand or number of stems
per plant as agreed also by Benepal (1967). Number of stems
plant was significantly affected by either P or K levels,

either one level raised the number of
El-Gamal (1985, b,c).

per
Increasing
8tems per plant as detected by

Total potato yield generally increases as N lavel increases.Ohma
(1961), Hanley et al (1965), Benepal (1667) and El1-Gamal (1980 and
1985-a). The worse side of such an increase in yield is the forma.
tion of high percentage of malformed tubers as observed by Ohmg(1961)
and Painter and Augustin (1967). Many authers indicated an increase
in potato tuber yield as a result of increasing potassium level,such
a8 Zandestra et al. (1969) and El-Gamal (1985-c¢). Although phosphorus

was shown to increase total tuber yield as found by Benepal (1966),

Leughlin (1974) and El1-Gamal (1985-b), its role was not comsistent in
Benepal's (1967) experiments.

3

Potato tuber size was found te be greatly influenced by the fer-
tilizers rates applied to the plants. El-Gamal (1985 a,b,c) found
that the increased levels of either N, P or K reflected a significant
reduction in seed sized tubers percentage. Likewise, Laughlin(1966)

found that K application improved U.S. No. 1 tuber yield (Large gized
tubers).

Nitrogenation of potato crop in an increasing manner was found
to reduce the tuber dry matter, Painter and Augustin (1976) and
El1-Gamal (1980). Although K effect was similar to that of N on the
tuber dry matter in Laughlin (1966) experiments, E1-Gamal (1980 and

1985-c) found the opposite effect, increasing K lavel raiged

the
tuber dry matter.

A8 for potato tubers storability Van Hiele (1961) claimed that
the high N doses seemed to hasten sprouting as a result of high
amlids content, El-Gamal (1980) found that high levels of N resulted
in an early sprouting of the nawwala stored tubers and a greater
welght loss. Whitehead et al. (1953) stated that with the high doses
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Tagle 1~ Chemical analysis of the employed soil in the experiments in 1986 a
1987 summar seasons (Using_the methods of analysis discribed by Bls

1965).
e . - T -
, EC.e Cations, me/L - Anions, me/L "
Years S.P mmhos/ pH o e - __ SAF
cm Na+ K+ Ca-H- Mg-H- CO3 H003 Cl SO 4

1986 J71.3 3.2 8.11 3.6 0.93 25.60 12.41 O 4,13 14.31 28.43 O.
1587 70.5 3.0 8.12 3.1 0.89 20.22 9.35 O 4.02 13.22 29.30 O.

* S.P., = Saturation percentage
** ECe = Electric conductivity in so0il extract.

> & & SAR = Na/" Ca ;}15_

The collected data was tabulated and the combined aralysis of the
two studied years was practiced. Cultural practices such as cultiva-

tion, ®llling, Iinsect and disease control*were similar to commercial
practices in the area.

RESULTS AND DISCUSSION

Potato plant stand percentage as well as the average number of
stems per plant were not affected by any of the studied factors, as
shown in Table 2. These results indicate that both the seed tuber

quality and the énvirommental factors of both years in this study were
nearly similar.

Tabla 2= Effect of the year of production, N-P-K levels on plant stand perce

*
tage and the average number of stems per plant

- Nitrogen levels Phosphorus.levels' Potassium levels

‘_—-‘_—_—__——-_-_—_.—_—__—
Kg N/Fad.  Kg P,0_/¥ad. Kg K,0/Fad. e

M
195 225 255 45 60 75 104 130 156 1886 1

Plant stand % 97.0° 93.0% 94.0% 94.0% 96.0% 94.0% 96.0% 95.0% 93.0° 95 0° g

Av.No.of . . ' | |
stems /plant ~ 2.3° 2.4° 2.3% 2.2% 2.4% 2.4% 2.4 2.3% 2.9% .48

* 3ee footnote of Table (3-A).

o

-]

Table (3-A) shows that the total potato tuber yield is aignifi¢an-
tly affected by either N or K levels. The statistical highest yield
was obtained when either moderate or high level of N (225 or 255 Kg
K/fad) was used. The lowest yield was taken when the lowest level(195
Kg N/fad) was applied. The reswlts agree with those obtained by Ohms
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(1961), Hanley et al. (1965), Benepal (1967) and El-Gamal (1980 and
1985-a). Increasing the K levels used in this study resulted in an

{rreversible increase in potato yield. The significant greatest yield
wag obtained when the highest K level (156 Kg K90 fad.) was used, and

vice-versa. This result is in consistence with that of Zandetra et al.
(1969) and E1-Gamal (1985-c). Phosphorus fertilizer levels did not =
seem to affect the potato tuber yield as found also before by Penepal géﬁ
(1967). Alternatively, potato tuber yleld was not affected by the \
vear nf production.

~abla (3-A) Effect of the year of production, N-P-K levels and their inter-
sctions on total potato tuber yield (ton/fad.).

M

Kg N/fad. Kg ons/fad. Kg K,0/fad.
-— Mean
195 225 255 45 60 75 104 130 156
A a a a a a a a ] . 6A 4
7ear 1986 16.1° 18.4. 18.2_ 17.4_ 17.7_17.7_16.97 17.5° 18.4° 17 €, ;
1987 16.2% 18.1% 17.9% 17.27 17.5° 17.5° 16.4° 16.0% 12.8% 17 4 :
Vg '1/fad 195 IS.R: 16.2: ]ﬁ.a: 1&.7: 16.0° 17 2% 16 :: ?;
225 18.1 18.5 18.3 17.5 18.2% 1a ;8 18. %, a8
255 17.9° 18.1° 18.17 17.0% 17 4% 18 o 13 ¢ th
a 8 A
Y.y P40, /fad.45 6.1 16 5 187" 17 %,
2 b0 17.72 17 0% 10.0% 17 €
75 | 17.27 17 4% 18 1% 17 ¢
: 13 3
Mean 16.7° 17 2% 18 &

M_—_——#__—__——_—mm

¥ Values with an alphabetical letter in common, within a comparable grour
0of means do not differ significantly from one another using Duncan’s
Multiple Range test at 0.05 level.

Tte only combined effect noticed to modify the potato tuber yield
wag that among N-P-K levels (Table 3-B). The highest Cara potato tuber
yleld resulted from the use of 225 Kg N, 60 Kg P05 and 165 Kg K.C/fad

although it was not statistically different from many other f{ertilizer
combinations. It is clear from Table (3-B) that increasing either N or
¥ levela or both of them found to favor the tuber yield production The
loweat potato yield resulted from the application of the lowest level
nf N=-P-K, employed in this study.

Levels of N and X, the combined eifect of K and year of production,
and the interaction effect between N and P weres found to affect the per-
centage of seed sized tubers (Table 4). The lower percentages of this
category were obtained when either highest N or K levels were used °r
the other hand, the highest percentage was gained when the lowest levels
(195 Ro N and 104 Kg K20/fad.) were applied to the potato field plots
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“Table (3-B) Effect of N~P-K levels interactionson total potato tuber yield

(ton/fad.)
Kg P205/fad.
195 Kg N/fad. 225 Rg N/fad. 255 Kg N/fad.
e e ———————————— A e St e et et e e S e et S e

45 60 75 45 60 75 45 60 75

Xg . 104 14.45, 14,3f§ 15_1:§c 17.02cd 17.7§2d 17.623 16}922 17.&2: 19.232
P,0./130 15.55°8 15.75- 18.4. .0 18.1 ° 18.1 " 18.5 . 17.5. 17.7 . 16.9,

235 156 15.18 16.99¢ 17.2°9 19.12% 19,52  19.0%° 19.3%° 19.2%° 18.1

* See footnote of Table (3-A).

Table 4~ Effect of the year of production, N-P-K levels and their inter-
actions on seed sized tubera parcentage-

Kg N/fad. Kg P205/fad. Kg P,0/fad.

195 225 255 45 60 /75 104 130 156

Mean

Year 1986 51.3: a6.9: 4&.1: 46.6: 43.3: 47.4: 53,4: ae.sz &2.&§ca7.AA
1987  50.5% 48.7% 44.8% 48.4% 48.2% 47.1* 52.1% 51.2% 40.4"%47.9"
ab a8 ._ b a # @ A
Rg N/fad. 195 . 50.0_°52.0  50.8, 55.8 56.7 45.3  50.9
225 48.4 43.2: 46.1 52.0_ 43.5: 42.27 47.6_
255 44.1° 44.5° 44.8° 50.37 46.4 36.7 44.4
Rg P,0¢/fad.45 51.9% 48.3% 43.32 47.5,
60 | 53.8° 49.8 41.0 48.2
| a a a ZA

75 52.4 &48.5 40.8° 47.

Maan 52.7° 48.8° 41.3°

* See footnote of Table (3=-A).

and inlargement, as mentioned by Lughlin (1966) who found that K inc-

riased U.8.A. No. 1 tubers (big size tubers), and El-Gamal (1985 a &and
c).

Potassium fertilizer levels showed scme differances in their
behaviour in the two studied years on the production of seed tubers.
In 1986 experimenty decreasing K level resulted in a constant increas
rease in seed sized tuber percentage. However, the two levels of
104 and ‘130 Kg K20/fad. were not significantly different fromeone
another, in 1987 experiment.

As for the combined effact of N and P on the. percentage of seed -
sized tubers, the highest percentage of this category of tubers was
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obtained when 195 ng M and 60 Kg ?acgf fad. w fﬂ 33p1’ed fable &4). Modi- -
fying P level up or down at-the low level of N (195 Kg N/fad) reaul ted

in a significantly lower yiazld of seed sgized tuber With the moderatad i
level of N (225 Xg N/fad. ) tha higheat lavzi of P reduced the percen- &
tage. of seed sized tubers, At tha high a2t leval oF N (255 hg‘h’fgd ) i
the effect of P level was mesninglesa,

7ear of oroduction, levela of N and X as well as the interaction 2Y
between N and P levels, were found to affeet the markatable tuber per- )
cantage (Table 5). Potato grown during 198¢& zummer season produced 9
7arger percentage of marketable rubera thsn that grown during 1987 sum- i
mer seagon. This Tesult mav be relazed to the 2fficiency of the har- \\\_
vyegting processes during both yeara.

rable 5~ Effect of the yenr of production, N-P-K levels and their interactions i
on the percentaga of potato tubars marketable portion. e

Kg N/fad, Kg P,0./fad. Kg K,0/fad. i

d: . gt

e e e Mean .

185 223 233 453 5( 75 1C4 130 1586 it

a - & = + B s et .2 2 _a 8 LY E

‘ear 1986 89.6 B88.5 85.% 383.32 87.7 88.1 83.8 8L.6 88.2 88.0, 1
a - c® ae nd o A an a% & g A a .3, L

1987 88-1 87.0 B1.5 (5 3. 84,9 55.3 35 1 1 2.0 SQ.B 35 5 i ,.

éﬁ%

3 X 12 ‘i 4 3 4 EI

o e = ) o~ oL o cEe ﬂ RERT

Xg N/fad. 195 89.1% 88.27 89.27 85.4.°87.9°,92.2, 88.8, 8
- yea . £ . § b8

225 7.8, 87.9 3?.8; 85.0. SI.SE .1.obcs7.gé i

- .- PN 3 i

255 84.37 82.8 83.8 76.8 84.5 89.5 783.6 T

1410

& 8 a A ?%ﬁ

K3 onsffad.as 83.3 87.0 °1.0 8&7.1, il
50 81.5a 86.1a 91.1a 85'3A i 1

75 83.3 86.9 90.5 86.9 B3

C B A il

“ean 2.7 8o,/ 20.9 113

|
|

Increasing K level did not Ifavor the production of markatable tubers
(Table 5). Fertilizing cara plots with the lowest level of N (195 Kg
1 /€ad.) produced more markﬂtéﬂlﬂ tuters, though it was not significantly
different from the moderats level (225 Kg {/fad.). This result might be
related to the formation of malformed tubers, when hizh levels of N were
uged. This result is in agresment with thosa of Ohms (1961)and Painter
and Augustin (1976). This mazy b2 due to the 2asy cuiting, cracking,pea-
ling of the tubers through the tough handling of tha crop during the

harvesting of the hsavly nitregenatsd plotz, which produce tubers with
high moisture content, as it i2 clear in Table

L MR i e
: - ' 1] T3 A= TR TR T -
- ik = - ¥
f N PR PR CITR, N U L S A T DT . ST AT Sl
g A . ¥

i b - i ,__.," I‘.-ll ] A
i b, Fa , i y
- . : Wy | i

The highest parcentage cif marketacle tubers was harvestad when the
highest level of K (156 Kg K20/fad.) was usaed. Such an increasing effeact
may be counted for the affact of K on the formation of more dry tubers,
as shown in Table 6. Well formed skin and more balanced relation betwreen

— —
—— —— ———
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- the accumulation of starch and tuberméiqture.afe-also expected with

-

the high level of K. Asg a result of this balance the formation of
‘malformed tubers becomes rare.

Using the lowest level of N (195 Kg N/fad.) combined with the top
level of K (156 K70/fad.) produced the higheat percentage of the mar-
ketable tubers, although it was not significantly different from the
combingtion of 156 KoO and 225 Kg N/fad. 1In general, the higher K
level reduced the undesirable affact of N in this respect.

Tuber dry matter i{s shown to ba highly influenced by either N or
K levels and their combined effect (Tagble 6). The progeny tubers
resulted from heavely nitrogenated or lightly fertiliszed with K are
characterized with lowar contents of dry matter. The highest tubaer
dry matter was obtained whan the lowest level of N or the highest level
of K was used. These results are in agreement with these of Painter
and Augustin (1976) and E1-Gamal (1980 & 1985-¢). When the lowest
level of N was combined with the highest level of K the highest tuber
dry matter was obtained. Reducing N level or increasing K level to

the potato plants resulted in a considerable increase of the progeny
tuber dry matter

Table 6~ Effect of N-P-X levels and their interactions on potato tuber
dry matter percentage, in 1986 summer season.

Kg N/fad. Kg KZO/fad.

- Mean

195 225 255 104 130 156

Kg P,0./fad.45  23.18" 22,032 20,882 20.03% 21,802 24,278 22,074
90 23,05 22.16® 21.03® 19.90% 22.152 24 18 22.08,
27

. ET

75 23,120 22.36 21.01" 20.18" 21.09% 24 31

Kg N/fad. 195 - 20.98¢ 23.337 25.04%  23.17A
225 19.88 g22.35f 24.33 22.18_
255 19.25% 20.27% 23,39 20 ag
Mean | . '20.04C 21.98B 24.25A

* See footnote of Table (3-A).

20% of their waeight during the first 15 day of storage (Fig. 1-A).
The weight loss reasched In contrast the gen-

tly nitrogenated plants gave progeny tubers that hold better during
the storage days. This high loss might be due to the high moisture
content of the tubers and the late formation of the tuber skin of the
progeny tubers of the heavely nitrogenated plants. On the other hand
the highest level of & resulted in the lowest weight loss of the gto-
red tubers (Fig, 1-0). Phosphorus seemed to have the minor effect on

tuber weight 1o0ss during the nawwala. storage period, (Fig. 1-B) but
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~with an exceptien that the highest level of P‘reaulted fn.a pronounced - |

weight loss after 45 days of storage. This loss may be due to the
direct effect of the tuber sprouting as clear in Fig, 2=C, in which

the heavy P fertilizer resulted in an early sprout, after 30 days of

storage. A | | -
” ~ - A o ‘t B_ B c
o 50} — égg RgN / Fad.  s50}—. .43 %G B.og/ Fad.50}— 156 kg k,0/<Fad
o ’ . 5 1" oo « '+ 060 . " | . o Ny
'—f 40 - __255" " P ' 40 e :}_33 ) ) :}?
3 r - =
2 30 - 30 e
i A e -
2201 0 s L L B \
EIO /.5 f

e T Lo} AP
O 1530 45 60 O 15 30 45 60
Days in nawwala

15 30 45 60

Fig. 1= Effects of N-P-K levels on the weight loss of potato tubers
3

stored under nawwala storage cenditions during 1986 summer
menths. ' -

Potato tubers harveated'f“cm heavel
. 3 y nitrogenated plants started
to sprout earlier than the others (Fig. 2«A). With the lowast level

of N (195 Kg/fad.) the progeny tubers sproutad 30 days later than the

heavely nitrogenated ones. . Thesa results
: are in agreeme
presented by Van Heile (1961). : S —

Potassium was found to alter the affect of N on the tuber sprou-
ting e.g. it retarded tuber sprouting (Fig. 2-C). The first sprout

was noticed after 45 days from storage with the lowest K level (Fig.

2-C). Applying heavy K level caused a 11
ght tuber sprouting aftar &0
days of storage. Phoasphorus showed some accelerating effects on tuber

sprouting (Fig. &~B). The highest level of P (75 Kg P20s5/fad. )caused
an early sprouting of the tubers, but not to the axtaent of N effect.

A B C
100{ 195 Kg N/fad .l 100! 45 K /fad. ] 104 K

. 100 g Ky¥fad. E5
ye 90| 225 Kg N/fad I 90| 60 K /tad L3 oo 130 Rg R§ffad. F73
o 80| 255 Kg N/fad B 80| 75 K /fad BB gp| 156 Kg Rffad. =y
3 60 60
¥ 50 = 50
S 40 / 40
@
5 30 4 30
O
¥
o,
¢p |

3
. 0
0 7 0

0 15 30

Days in nawwala

S L
O 15 30 45 60

Fig. 2- Effect of N-P-K level on the sprouted potato tuber percentage

stored under nawwala storage conditd d -
atored # g ons during 1984 summer
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It could be concluded from the results 38 this study that 225 Kg
N, 45 Kg P205 and 156 Kg K20/fad. could be posaibly used to fertilize
Cara potato variety. 'Wheff“the'produtticn of seed sized tubers is
desired, for seeding of the fall and winter (Mehayara) plantations,
reducing the K rate to 130 Kg Kp0/fad. is also recommended.
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