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Nitrogen, Phosphorus and Potassium Nutrition in Relation
to the Growth and Chemical Composition of Pmeapplc
(Ananas comosus L.) '

by
S, S. SHRIVASTAVA®

Useful growth responses in plants had been obtained by the application
of nitrogen, phosphorus and pottassium, Inone and Fukunaga (1957) obtained
best results in figs under sand culture studies when N, P and K were supplicd
at 80 : 40 : 40 ppm, respectively, Chemical composition of the leaves of many
plants had also been rcported to be altered by the application of these
elements, Increasing the level of N in the experiment with the pineapple was
associated with the increass N content and decrease in P and K contents in the
leaves (Su, 1957). Potassium when supplied in culture media was found to be
cffective in increasing the N, P and K contents in the leaves. of pincapple
(Sideris and Young, 1945—46). In India, no systematic work has been done
so far regarding the effect of N, P and K nutrition on pineapple, Therefore,
the present study was undertaken to-analyse their cffect in terms of growth and
chemical composition on pineapple under sand nutrient culture:

Material and Method: The investigations were conducted on Giant Kew
varicty of pineapple grown under sand nutrient culture. Suckers of uniform
size and age were planh:d in the cement pots of 45 cm % 30 cm size, ﬁllad with
washed sand on 12th April 1964. Hoagland complete nutrient solution con-
sisting of (a) macroelements other than N, P and K (b) microelements and
(c) iron tartrate at 0.005 gm per litre, was supplied at four Jitre per pot after
planting. One litre of this solution was supplied per pot per month regularly
1o the whole life period. The pots were watered regularly, Three levels each
of N, P and K ie, 0, 160 and 320 ppm (dry sand basis) in the form of
ammonium sulphate, super phosphate (single) and potassium. sulphate res-
pectively were supplied in all possible combinations. Thus, there were
27 treatments which were replicated three fimes. Nine plants were maintained
under each treatment., The application of treatments was made in two cqual
instalments, The first amount was applied on 12th May, 1964 and the
application was repeated on 12th November, 1964 to complete the full
requirement. .

' Growth observations were recorded on 253 days after planting, 451 days
after-planting and 902 days after planting. The responsce of N, P and K were
recorded in terms, of height of plant, total root extension, fresh and dry weights
of roots, toral leaf area, fresh and dry weights of plant. The significance of
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these responses was tested statistically, The results at 902 days stage of the
growth have been presented in Table 1. The average data of these three
observations have been presented in Figure 4. At the middle of the life cycle
of the plant i, after 451 days planting, leal samples were taken, These
samples were utilized for the estimation of N (Kjeldahl method), P (Ammonium
molybdate method), K (Cobaltinitrite method), total carbohydrate (Copper
reduction method), crude fibre and ash contenis as deseribed in A.0.A.C
(1955). The value obtained on dry weight basis of the pinecapple leaves have
been presented in Table 2,

Experimental findings: Growth characters: Significant effects of N,
P and K and of their interactions were noted in improving the growth
characters of the pincapple plant. At 902 days the height of the plant was
maximum of 125.1 cm when these elements were applied in N3P,K; combin-
ation, It was remarkable to note that P and K in the maximum dose but in
the absence of N had produced the smallest plants throughout the plant life
cycle. Total root extension was improved by N alone when these elements
were applied alone. However, P and K became significanily effective when
combined with N, Thus, the highest value of total root extension (28.23 metre)
was noted lo be under Ny P, Kq at 902 days. Lowest values in the total root
extension were associated with no N. Fresh weight of the root was not signi-
finantly affected by these elements at 902 days stage of growth: But their effect
was pronounced at the early stages of the plant life cycle. Maximum fresh
weight of the rool as 66.67 g was noted to be under Ny P; K; combination at
902 days. Increasing the concentration of N in the combination had increased
the fresh weight of the roots. Phosphorus in the highest dose (320 ppm)
proved unfavourable for the fresh weight of the roots. Lowest fresh weight
of the root was [noted to be under Ny Py Ks combination at 902 days. Dry
weight of the root was affected in a similar manner as fresh weight of the root
due to application of these clements.

Maximum dry matter in the roots had been produced by N; P; K. com-
bination. With regard to the effect of leaf area, these treatments did not
differ significantly at early stages of growth. With the advance of the age
certain combinations became significantly cfTective ‘in improving the leafl arca
of the pineapple plant. It was remarkable to note that the highest and lowest
values as 1.900 and 0.098 sq. mefre had been recorded under N, P» Ky and
Ny Py Kq combinations respectively at 902 days. 1In the absence of N, the high
doses of P and K proved unfavourable in increasing the leal area of the pinc-
apple plunt. . Nitrogen in the highest dosc (320 ppm) and P in the medium
dose (160 ppm) were appreciably effective in increasing the fresh weight of the
plant. At 902 days highest value of the fresly weight of the plant us 1491.8 g
had been recorded when these elements were applied in Ny Py Ky combination,
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Dry weight of the plant was affected by the {reatments similaﬁly to the. fresh.
weight of the plant.  Highest dry matter was produced under the influence.of
Ny Py Kq combination at 902 days (Table 1 and Figure 4),

TaoLe 1. Effect of N, P and K on the growth eharacters of pineapple after 902 days ;;'-."a.rrrf}qgr.

Mo | N Ny !

- C.D.
_ S.EM- ot
Pu Fl Pz F|:|| F1 P:; pu Fj P;- i

5%

Height of plant {em)

Ko 750 843 1070 966 1004 950 1024 1028 1061 + 66 ' 184
Ky 770 1058 @ B51 1048 941 1193 1086 - 1198 986
Ks B6O  89.9 © 317 886 951 1060 949 970 1151

Total root extension (metre)
K, 4.39 910 13196 1575 1561 1246 2065 1897 1455 & 40 11.04

Ki 623 714 714 1236 2040 1288 1610 1736 1099
Kq 931 055 182 1799 1148 1330 1386 - 28.33 1687

Fresh weight of roots (g)

Ky 1017 2167 - 3267 37.50 37T 2967 50,17 4517 3467 =+ 106, —_
Ki 1483 17.00 17.00 2933 4850 3067 3833 4133 2617 «(not

Ks 2217 2283 433 4283 2733 _ 31.67 33.00 6667 4{}.1_'}' Sigﬂili:n_nt}
Dry welpht of roots {g)

K 453 1003 13.20 1587 1513 1320 1530 1403 11,70, = 25 - £08

Ki 740 727 813 1123 13533 1430 1610 (1037 1237
Ke 1040 970 213 1800 1230 1183 1617, 1940 1870

Leaf area per plant (sq. metre)
Ko 0318 0712 1120 1758 1146 00910 0824 0918 1010 . *ﬂiﬁ-iq D.Sﬂ'_ﬂ_

Ki 0424 079 0496 0958 1202 1609 . 1118 1716 1136
Ko 0856 0894 0098 0888 0970 0998 1082 1286 ‘1.900

Fresh wefgﬁ} of plant (g)

Ko 2504 6126 10527 7755 10026 8223 7806 8446 8423  ~1552 4284
Ki 3135 6321 4160 8626 7552 13498 0202 14625 9064 !
Ks 6160 8129 879 10052 5940 8975 0537 11320 14018

Dry weight of plant (g) _

Ko 3873 8753 13430 11387 14799 15162 12760 14330 14037 = 271, 7452
Ki 4650 8183 5786 . 12663 12503 20560 1{3.{!? 226.74 128.57
Ks 8333 10177 1096 170.3¢ 14326 14016 15514 193.64 22997,

0=0ppm, I'=160ppm and 2= 320 ppm a

Chemical composition of leaves: Remarkable alterations in the leaf
chemical composition had been observed, Nitrogen content in the leaves was
noted to be highest (1.918%) under Ny Py K; combination. . Deficiency of' these
elements had markedly lowered the N.content in the leaves (0.168% under
Ny Py Kq ratio).  Upper and lower extremes in the values of*P content were:
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noted under Ny Py K; and N, Py K; combinations respectively, Highest K
content in the leaves was associated with application of K and with the
~condition of no N or N applied in low (160 ppm) concentration. Maximum
K content as 5.363 and 5.257% was noted to be under Ny Py Ky and N, Py K
combinations, respectively., High values of ash content were associated with
no N, medium P and highest K doses in the combinations. Increasing N with P
had given best result in carbohydrate accumulation in leaves. High values
as 50.85% (dry weight basis) and 45,889 (dry weight basis) were noted to be
under Ny P; Ky and Ny Py K; combinations, respectively. Potassium in
160 ppm when combined with 320 ppm of N had encouraged the carbohydrate
accumulation. Deficiency of Lhese elements had produced the Jowest (23.409%)
carbohydrate in leaves, It was interesting to note that the C/N ratio was
noted to be highest under the deficiency of these eclements (N, Py K) ratio,
The ratio was noted to be minimum when these elements were applied in the
highest doses (Ny Ps Kq ratio). Crude fibre content was noted to be highest
and lowest as 25,85% and 13.20% under Ny Py K; and N, Py K, combinations,
respectively (Table 2 and Figure 5).

Tanie 2. Effect of N, P & K at various levels and ratios on the chemical
composition of pineappie leaves

Constituents No N N.t
dry wi. basis Py PP P P P Pa P Py P
Nit rogen Ke 0168 0864 0854 1596 1495 1820 1624 1845 1918

K; 0882 0920 0920 1330 1442 1484 1908 1,382 1.83d
Ke 05864 0938 0948 1708 1372 1512 1442° 1442 1834

Phosphorus Ko 0712 1100 0956 0743 0889 0761 0700 0823 0745
K, 0934 1291 0866 0700 0948 0782 0713 0938 0774
Ky 00656 1245 0957 0773 0869 0800 0722 0824 075

Potassium Ko 0997 0361 0151 073+ 0313 0943 0522 0944 0576
Ky 4047 0471 5114 3230 1680 3364 1113 2943 L2733
Ky 5235 1365 5363 4100 35094 5357 2154 4574 4153

Total Ko 2340 4489 4580 4086 3655 4167 4567 4167 4342
Carbohydrate Ki 3780 4356 4122 4497 4580 4340 4260 4031 4588
K: 2894 4580 3218 4439 3688 4555 3655 5085 3968

Crude Fibre Ky 1320 1750 1890 1815 1560 1510 1680 21.20 1395
Ky 1735 1735 1650 1650 1480 1H00 1440 1695 2585
Ky 1735 1580 1600 1425 1510 1485 1550 1675 2185

Ash Ke 1061 1793 1160 1379 1600 1755 1673 1352 1463
Ki 2112 2052 2331 1800 1592 1388 1593 1712 1652
Ke 2360 2051 2013 1542 1732 1601 1561 1873 1643
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Discussion: N, P and K when applicd cither singly or in combinations
were cffective in improving the health and vigour of pineapple plant: (Flgures.
» 2, 3 & 4). N application in the highest dose (320° ppm) pm‘vcrj most.
cﬂ'ccu-.rc in improving the root and shoot system of plant,. P. apphcﬂ.lmn, n
the medium dose (160 ppm) proved optimal for growth, High"cum:{:ntr__alidn
of this clement was unfavourable, Furthermore, its effect was :morte pro-
nounced at the middle and later stages of plant life cycle. K was least
effective in causing variations in the growth of pincapple plant as compared to
the effect of N and P, However, in certain growth c'haracters'_lh_is element had
given appreciable response, For example, at 902 days the highest dry matter
content in the plant noted under Ny P; K; was 226.74 g, whereas, under N, P; K,
combination this value was noted to be 143.3 g (Table 1). High N and-low P
and K contents in the leaves were associated with high level of N application.
P had slightly increased the N content in the leaves. P and K contents in
the leaves were increased with 160 and 320 ppm of P and K -application
respectively,  Total carbohydrate was improved with the maximum dose of N
and medium doses of Pand K. C/N ratio was noted to be highest under
the deficiency of the elements,. Crude fibre was improved with the highest
dose of N and P, Highest ash content in the leaves was noted to be with
the highest dose of K application (Figure 3). Maximum leaf are and dry
weight of the plant at 451 days had been observed when the N, P and K
contents in the leaves was 1.582:0.938 : 2.943 per cent. Next 1o the highest
value of these two characters appeared the leaf N, P and K contents as
1.498 :0.889 : 0.313 per cent. Lowest leaf area and dry weight of the plant
had been recorded when the leaf N, P and K contents were 0.948 - 0.957 : 5.363
per cent (Table 2). This had indicated that accumulation of K in leaves was
unfavourable for the leaf area and the dry weight of plant. N accumulatwn
was favourable and no correlation had been observed with P accumulation,
Furthermore, the growth of pineapple plant was effectively stimulawed with
the low C/N ratio in Jeaves. The variations in the growth of pineapple plant
and leal chemical composition might be due to that N, P and K when applied
had played their specific role in stimulating the various physiological and
biochemical activities going on within the plant. N obviously functions as a
necessary component of such biologically important molecules as proteins,
aminoacids, purines, pyrimidines and co-enzymes (Bould and Hewitt, 1963),
P is a constituent of cell nucleus and is essential for the cell division and for
the development of the meristem. tissues (Arnon, 1953). At the enzymatic
level, K acted as an activator of a number of enzymes such as, fnmtnkmase,
pyruvic acid-kinase and transacetylase (Webster, 1953). -

The application of these elements in various combinations had shown
peculiar responses. On certain growth characters wide variations in the
proportion of these clements tesulted into more or less similar response e, 8.
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total leaf area under Ny Py Ky and Ng Py K; ratios was noted to be of 1.120 and
1.118-sq. metre respectively, Dry weight of plant under N; P; Ky and Ny P, K,
ratios was noted to be of 143.26 and 143.30 g (Table 1). In sill other
combinations quite distinct effects were produced when one of these elements
was altered within limited range (e. g. leaf area under Ny Py K, - 0.318 sq.
metre, under N, Py K, — 0.856 sq. metre, N; PyKq - 1.758 sq. metre and under
N; P, Ky - 1.1465q. metre, dry weight -of plant under N,Py;K,-38.73 g,
Ng Pg Ky = 134,30 g and under Ny Py Ks - 10,96 g). Such variations in the total
carbohydrate and crude fibre contents in leaves had also been observed.. With
the advance of age, the optimum proportion of these elements required for
the growth was variable. Schwabe (1951) and Gregory and Richards (1929)
advoczt:d that such types of variations might be due to the interactions of
these elements. Hopkins (1949) had pointed out that there was a close relation-
ship between N feeding and K requirement. With high N, K supply should
increase. The effectiveness of the foliage increased by abundant N as
photosynthetic apparatus depended in turn upon the K in plant. This fact had
been noticed in the present investigation with the leaf area and the dry weight
of the plant in whole life cycle of theplant (Table 1). Nojoku (1:57) under
sand culture study with Jpomoea caerulea had reported that high N, P& K
treatments gave the maximum leaf production. Whereas, P and K treatment
with low N gave the opposite extreme. This fact is quite clear with the
present experiment with pineapple. The leaf area observed under Ng Py Ka
and Ny Py K5 was highest (1.900 sq. metre) and lowest (0.098 sq, metre) respec-
tively at 902 days (Table 1).

Summary: Sand nutrient culture was laid out to investigate the effect of
N, P and K in various combinations on pineapple. These elements were
directly applied in the sand each as 0, 160 and 320 ppm (dry sand basis).

Significant effect of these elements had been observed on height of
plant, total root extension, fresh and dry weights of roots, total leafl area
per plant, fresh and dry weights of plant. Maximum improvement in the
growth characters had been given out when these elements were applied under
Niyo Pyyo Kyyp combination as observed at 902 days afier planting, But on an
average life cycle, these elements were most effective under N,,, Py Ky Or
Nyao P10 Kaye combination,

Highest values of N, P, K and ash contents as inorganic constituents
and total carbohydrate, crude fibre and C/N ratio as organic constituents in
leaves were noted under Ny, Puo Ko, No Proo Kpeoo No Paso Koo, No Py Kooy
Nius Pico Kigor Nagn Pyag Kyeo and Ny Py K combinations respectively.
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