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ABSTRACT

Sage (Salvia officinalis L.) is among the herbs apites grown for culinary uses is increasingly dming
important in Kenya. Its leaf productivity is howewéten limited by nitrogen and phosphorus, whicé deficient in
many Kenyan soils. The problem is even exacerldatddegular rainfall in most parts of the countwhere it is
grown, thus necessitating irrigation. The objectofethis study was therefore to determine the &ffet nitrogen,
phosphorus and watering regimes on vegetative aal lield of sage. The experiment conducted at the
Horticultural research and teaching Farm of Egertdmiversity, was laid out in a three factor StridoP
arrangement in a Randomised Complete Block DesREBD, with three replications. The treatments cstesi of
nitrogen (N) supplied as urea (46% N) at four rateés40, 80 and 120kg N/ha while phosphorus (P) sugsplied

as Triple Superphosphate (46%@2) at four rates; 0, 30, 60 and 90kg P/ha. Waterhegimes included W1=
Watering to field capacity once after every weeR=\Watering to field capacity once after every tweeks, and
W3= watering to field capacity once after everyrfateeks. Nitrogen was assigned to the main plotggking to
the strip plots, and P to the sub-sub plots. Theedrment was conducted in three trials; trial 1 é&u2011 —
October 2011), trial 2 (October 2011 — February 2Dand trial 3 (March 2012 — May 2012yata were collected
on plant height, Leaf Area Index (LAl), leaf freshd dry weights. All data were subjected to thelysia of
variance (ANOVA) and where F test was significar@atment means were separated using the Tukeytestized
Range Test at R 0.05. Results indicated that nitrogen applied @tk® N/ha, P at 60 kg P/ha and watering once
after every two weeks gave the highest plant hegi§bi67 cm, 60.58 cm and 46.50 émtrials 1, 2 and 3,
respectively), and leaf fresh yield (27.10 ton/b@&03 ton/ha 14.67 ton/ha in trials 1, 2 and 3 pedively). There is
need however for economic evaluation of these pexbefore they can be recommended for use in&Keny
Keywords: Sage, leaf yield, nitrogen, phosphorus, wateraggmes

INTRODUCTION

Sage $alvia officinalisL.) is a member of the Lamiacea family which ishriin volatile constituents [1]. It is
indigenous to the Mediterranean region. Sage has gpwn mainly for its leaves, which serve asva maaterial
for pharmaceutical as well as food industries, @uits richness in essential oils [2], flavonoidglgphenolic acids
[3]. It is one of the most promising herbs for grewth and development of the herbs and spices/idited and
Aromatic Plants (MAPs) sub-sector of Kenya’'s haittigral sector. The crop is well known for its medal
properties for which it has been adopted as a rimadi@and culinary herb. In Kenya, the crop is grofen both
export and domestic markets. Moreover, it has @atde application in health, agriculture and rtigri. It is
extensively cultivated in the world, mainly to oiotadried leaves to be used as a raw material inicireg
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perfumery and food industry [4]. It is reportednave a wide range of biological activities, suchaat-bacterial,
fungistatic, virustatic, astringent, eupeptic antd-aydrotic effects [5, 6, and 7].

Sage production in Kenya is limited by nitrogen giwsphorus as well as irregular rainfall. Althougtemical
fertilizers are available, excessive applicatiorfesfilizers results in both economic and environtaé costs while
rates below optimum reduces yield potential of nooeps including sag&he recommended rates for sage in South
Africa for the basic application range from 40 @Xkg N; 30 to 80 kg s and 30 to 100 kg }O per hectare [8]
Nitrogen (N) is the most needed essential elemamplant growth and development, contributing 1-6f4he dry
matter [9]. It has the largest effect on physiolafylants but it is the most limiting nutrient fall crop production
[10]. Phosphorus (P) is becoming important in adtizal production because of lack of availablaRhie soils [11]
yet it is required for the biosynthesis of primanmyd secondary metabolites [12]. In addition to M &) drought
stress, caused by soil and atmospheric water dafigiis one of the most significant environmenaatdrs affecting
plant growth and crop productivity in the majoréf agricultural fields of the world [13]. StudiesWe shown that
stress caused by lack of water lead to numeroupmotgical, physiological and biochemical plant mhes [14]
that may cause low crop production through decegsawth trend of roots, leaf area, photosynthdgisspiration,
plant height, dry weight as well as stomatal cleswenzymatic interruption, destruction of proteisguctural
changes in synthesized proteins and amino acidsamoddecreased chlorophyll accumulation (14).al$ been
demonstrated that application of suitable fertiszenitigates the detrimental effects of droughtbdmmass yield
mint (Mentha arvensisL.) [15]. Moreover, enhancing crop water and reriti use efficiency is essential for
increasing crop productivity and sustaining theiemment.

This study was informed by the fact that theransted information on the agronomic practices dmeirtinfluence
on leaf productivity of sage which has a great piigé as a culinary herb. The current study aimieh\gestigating
the effects of nitrogen, phosphorus and waterimgnres on the plant growth and leaf productivitysafje under
Kenyan conditions.

MATERIALSAND METHODS

Site description

Sage was planted in a plastic tunnel at the Hdttical research and teaching Field of Egerton Unsitg, Njoro, in
three trials between June 2011 and May 2012. Tiperarental site was characterized by mean tempesaiof
19.0°C, 20.1°C and 20.7C for trial 1 (June 2011 — October 2011), trial(ober 2011 — February 2012) and trial
3 (March 2012 — May 2012), respectively. The satlshe site are ventric mollic andosols. Selectdchemical
properties at the site were as listed in table 1.

Table 1: Selected chemical properties of the experimental site soil.

Depth of

collection of pH N (%) P (ppm) K (ppm) Ca (ppm) Mg (ppm Cu (ppm)  Zn (ppm) Fe (ppm)
sample

0-30 cm 6.1 1.14 3 334 655 405 0.68 25 49
0-45cm 6.1 0.77 5 362 824 432 0.66 18 49

Experimental design and crop management

The experiment was conducted in a three factop $ttdt arrangement in a Randomised Complete Bloe&igh
(RCBD), with three replications. The factors stuldieere nitrogen assigned to main plots, wateriggmes to strip
plots, and phosphorus to sub-sub plots. Four @teirogen 0 kg N/ha (N1), 40 kg N/ha (N2), 89 K/ha (N3)
and 120 kg N/ha (N4) were applied using urea (46@adNthe source, each in two equal splits, the dine two
weeks after planting and the second one four wéaks (trial 1). During the second and third tride first split
was applied one week after the first and seconsl @#pectively, and the second split, six weeler dffte first and
second cuts respectively.

Four rates of Phosphorus 0 kg P/ha (P1), 30 kg 878 60 kg P/ha (P3) and 90 kg P/ha (P4) werdieappt
planting for the first cut and a week after thetfiand second cuts for the regenerated crop akeSiperphosphate
(TSP). Watering regimes were watering once evergkw@V1l), watering once after every two weeks (W) a
watering once after every four weeks (W3).
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The duration of irrigation water application wastedenined by using a Waterscout (Model SM 100 Seénsor
connected to 2475 Plant Station (Watch Dog Modp&cBum Technologies, Plainfirld, IL 60585, USA)bd on
the time taken to achieve field capacity.

The sub-sub-plots measured 2 m x 0.5 m and plantixg done at a spacing of 0.5 m x 0.25 m givindaatp
population of 15 plants/plot. Three inner row piplot were used for data collection. Plant heights measured
using a ruler on the terminal/ main branch. Thd &aa was determined for a randomly selected samijpbne

hundred leaves per plot. This involved boring disos each of the leaves using a cork borer. Digese counted
and recorded. The area of each disc was determisiag the radius of the cork borer (which was 0r§.cThe area
of each disc was 0.6 x 0.6 x 22/7=1.13cifhe discs were then put in khaki bags and ovéeddat 65°C to a

constant weight. The number of discs obtained ftbensampled leaves was used to calculate the teafaf all

sampled leaves. The dried discs were then weighddlee relationship between area and dry weighhefdiscs
was used to estimate leaf area as follows: Aredisufs x leaf dry weight/ dry mass of discs. Le&faaindex (LAI)

was determined by the formular: LAl=Leaf Area/La@a.

Harvesting was achieved through cutting the plabtbe base (15 cm above the ground) using sesateeaf fresh
and dry weights were determined by stripping dftte leaves and weighed to determine the leahfresight. The
fresh leaves were put in paper bags and placed iavan at 65 to dry to a constant weight. They were then
weighed using an electric balance and readingsdeddo give the leaf dry weight.

Growth and yield data obtained were subjected talysis of Variance (ANOVA) using SAS statisticalogram
(SAS Institute, 2002-2003) and treatment meansragghusing the Tukey’'s Studentized Range Testdd.p5.

RESULTS

Table 2. Effects of nitrogen, watering and phosphor us on sage plant height

Trial 1 Trial 2 Trial 3
N rate Watering Phosphorus rate (kg P/ha)
(kg N/ha) frequency
0 30 60 90 0 30 60 90 0 30 60 90

0 w1 4533** 45,00 43.67 44.67  47.33rx*** 43.00wy 3.87uy 46.00ty 37.33  39.67 39.67 42.67
W2 40.33 49.33 4133 4467  47.00sx 46.33ty 48.00qw46.67ty 40.00 40.33 4467 41.33
W3 44.00 50.00 43.67 50.00 52.33nr 56.00kn 53.67mgb4.00mp 42.67 46.00 45.00 47.00

40 wi 48.67 49.67 46.67 45.00  58.33jm 59.33jl 58133  62.67i] 46.00 48.00 40.33  47.67
w2 48.67 49.33  47.00 46.67  44.33uy 46.33ty 45.67ty 44.33uy 39.00 4233 39.00 37.67
W3 50.67 49.67  49.00 48.67  45.67uy 47.67qx 48.67qu48.33qv 43.00 41.00 41.67  43.00

80 wi 48.67 50.67 49.33  49.67  48.00qw 55.33lo 56100 54.00mp 38.33  40.67 41.00 41.00
W2 51.67 47.67 50.67 53.00 58.33jm 60.67ik 58.67jm 64.67i 44.67  46.33 4533  49.67
W3 41.33 4167 36.33 41.00 42.67xy 44.00uy 41.67y 43.33vy 38.67 41.67 35.67 40.33

120 w1 43.67 4133 39.00 41.00  48.00qw 50.670t 0820  48.33g-v  37.67 38.00 36.00 37.67
W2 44.00 38.33 39.67 45.33  49.67pt 52.33nr 5290n- 50.670-t 36.67 36.00 38.00 38.00
W3 41.00 38.33  41.67 41.67  52.67nq 56.00kn 57r00k- 57.00k-n 39.67 40.00 41.67 4133

LSD N rate 2.39* NS NS

LSD Water NS NS NS

LSD Phosphorus NS 1.212* 1.389*

LSD N X Water 5.621* 5.347* 4.708*

LSD N X P 3.477* NS NS

LSD Water X P NS NS NS

LSD N X Water X P NS 4.198* NS

* Significantly different at g 0.05; NS= Not significantly different at$0.05.; ** Values not followed by a letter are rmagnificantly different according to the F-Test
at p<0.05; *** Values followed by the same letter withs letter series are not significantly differemcarding to the Tukey’s Studentized Range Testdl.p5.
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Nitrogen significantly influenced plant height ortytrial 1 with the tallest plants being recordmuthe plots that
received 80 kg N/ha and the lowest on plants thegived the highest level of N fertilization (129 M/ha) (Table
2). Phosphorus had significant effects on plangiiteibut only in trials 2 and 3. The plants welketg51.71 cm and
41.97 cm) on plots where 60 kg P/ha was appliedshodtest (49.21 cm and 40.34 cm) on those thafved no P
application. This gives a 2.5 cm and 1.63 cm irgeeen height in the respective trials as compacead P
application (Table 2).

The N X W interactions significantly affected pldright across the trials (Table 2). The talleahfd were attained
on 80 kg N/ha and watering once after every twokseder all the trials. The plants were 50.67 c®.,58 cm and
46.50 cm in plots receiving 80 kg N and wateringemevery two weeks in trials 1, 2 and 3, respelgtivempared
to 40.67 cm, 40.92 cm and 36.58 cm on those fegtliwith 120 kg N/ha and were watered once afteryefour
weeks. The increase in height amounts to 10 cn61€@n and 9.92 cm for trials 1, 2 and 3, respeltiveNitrogen
x phosphorus x watering regimes only had signifi¢as0.05) effects on plant height in trial 2 (Table Rjatering
once every two weeks increased plant height whembomed with 80 kg N/ha and 60 kg P/ha to 53 cm6B4m
and 49.67 cm in trials 1, 2 and 3 respectivelyc@mpared to 36.33 cm, 41.67 cm and 35.67 cm ddrialg 1, 2
and 3 respectively, on plots that received no g@rowith 120 kg P/ha and were watered once afteryefour
weeks (Table 2). This translated to an increaseight of 16.67 cm, 23 cm and 14 cm.

Watering had significant (g 0.05) effects on LAl and only in trial 1. Applidan of nitrogen and phosphorus at all
watering regimes resulted in higher LAl comparednto fertilizer application. The best LAI was receddon
watering once after every two weeks across thisttig5.64), 2 (4.34) and 3 (4.56) while the lowess 3.99, 3.74
and 4.33 in trials 1, 2 and 3, respectively. Treréase as quantified was 1.65, 0.6 and 0.23 fastti, 2 and 3. The
noted interaction effects 0.05) were however not significantly different@&s all the trials (Table 3). It is clear
that the LAl was greater in trial 1 and least ialtB. The best LAl values were reported on 80 KhaNcombined
with 60 kg P/ha and watering once after every tveeks in all the trials. The highest values wer® 6398 and
6.70 in trials 1, 2 and 3 compared to the lowestiesaof 2.90, 1.99 and 2.30 for the respectivdstiehich were
recorded on plots that received no nitrogen combiwéh 90 kg P/ha and watering once after four vgedihe
increase translated into 4, 3.99 and 4.4 for trigl® and 3. The N x P x W interaction effects réegb were
however, not statistically different.
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Table 3. Effects of nitrogen, watering and phosphorus on sage L eaf Arealndex (LAI)

Trial 1 Trial 2 Trial 3
N rate Watering Phosphorus rate (kg P/ha)
(kg N/ha  frequenc'
0 30 60 90 0 30 60 90 0 30 60 90

0 w1 3.85 5.70 3.87 4.87 4.87* 3.79 4.70 3.03 4.273.20 2.40 2.77
w2 6.83 6.27 5.23 4.60 3.53 491 4.94 4.96 4.00 832. 3.53 3.67
W3 3.70 3.50 3.63 2.97 3.05 3.57 3.64 1.99 4.03 604. 453 2.30

40 w1 5.07 5.33 4.47 4.90 2.99 2.54 2.28 3.36 3.7®6.57 3.60 5.33
w2 583 5.63 4.97 4.77 2.60 3.53 2.79 2.61 493 475. 3.13 3.37
W3 3.73 3.23 4.53 4.37 2.90 3.64 331 3.45 483 904. 3.97 5.30

80 w1 3.53 452 4.34 5.33 4.09 3.18 2.46 3.65 3.201.03 4.23 4.13
w2 6.43 5.63 6.90 5.43 2.20 3.87 5.98 3.08 4.33 804. 6.70 4.47
W3 490 340 4.13 4.57 4.57 3.74 3.35 3.59 463 375. 4.67 3.90

120 w1 410 5.30 5.20 3.67 3.07 4.88 3.38 5.63 4.06.03 4.47 5.20
w2 547 6.2C 5.67 5.58 4.64 5.22 4.9¢ 4.9: 5.9C 5.5C 5.1: 5.07
W3 3.40 4.43 4.53 4.76 4.45 4.38 4.23 5.62 463 805. 5.33 5.23

LSD N rate NS NS NS

LSD Water 0.913* NS NS

LSD Phosphorus NS NS NS

LSD N X Water NS NS NS

LSDN XP NS NS NS

LSD Water X P NS NS NS

LSD N X Water X P NS NS NS

* Significantly different at £ 0.05; NS= Not significantly different at$0.05.
** Values not followed by a letter are not signéfittly different according to the F-Test ak®.05.

Table 4. Effects of nitrogen, watering and phosphor us on sage leaf fresh weight

Trial 1 Trial 2 Trial 3
N rate Watering Phosphorus rate (kg P/ha)
(kg N/ha)  frequency
0 3C 60 9C 0 3C 60 9C 0 30 60 90

0 w1 15.20** 20.60 9.93 10.70 10.80 15.13 13.35 08.0 1157 7.10 9.33 12.90
W2 8.80 16.43 13.80 17.70 1423 1190 9.77 13.23.008 8.43 1423 7.10
W3 11.37 1430 10.87 1353 7.87 9.90 13.43 887 809. 11.10 1157 6.20

40 W1 13.43 19.40 14.67 10.37 10.10 7.00 10.67 710.712.43 12.00 14.23 11.13
W2 16.90 20.63 2340 1557 8.10 9.87 9.23 7.10 38.08.90 11.57 9.77
W3 16.90 1990 1240 28.10 10.77 12.33 1257 10.770.23 8.90 10.67 8.00

80 w1 21.13 23.40 2320 1643 10.33 11.73 13.28 3 9.2 8.90 12.43 9.33 9.77
W2 20.00 23.47 2710 17.93 7.67 11.67 16.03 9.43 1.13 9.33 14.67 10.53
W3 13.73 12.87 14.37 8.63 10.77 10.77 9.47 6.10 .3313 11.80 12.27 5.77

120 w1 17.23 1297 1190 1560 6.90 1043 1037 09.811.90 1420 8.90 11.53
W2 16.33 16.27 12,70 1493 9.90 8.23 12.10 9.87 .9310 10.23 1243 12.87
W3 13.67 1460 1243 1580 9.43 9.90 6.33 8.10 930. 11.57 1353 13.30

LSD N rate 3.117* NS NS

LSD Water 1.816* NS NS

LSD Phosphorus NS NS NS

LSD N X Water NS NS NS

LSDN X P NS NS NS

LSD Water X P NS NS NS

LSD N X Water X P NS NS NS

*Significantly different at < 0.05.NS=Not significantly different at$0.05.
** Values not followed by a letter are not signéfittly different according to the F-Test ak®.05.

The results in table 5 indicate that greater legfveeight 5.26 tons/ha, 5.26 tons/ha and 3.70 teng/as observed
on 80 N/ha X 60 kg P/ha X watering once after every weeks for trials 1, 2 and 3 respectively coredao 2.51

tons/ha on no nitrogen combined with 90 kg P/h&atering once after every one weeks in trials.77 tons/ha on
plots that received no nitrogen combined with @0R{ha X watering once after every four weeks i@ 2 and

1.50 tons/ha on no nitrogen combined with 90 KgaP{ watering once after every one week in trialThe noted

increase for the respective trials was 2.75 tong#® tons/ha and 2.2 tons/ha (Table 5). Howetiese differences
were not statistically different at<p.05).
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Table 5. Effects of nitrogen, watering and phosphorus on sage leaf dry weight

Trial 1 Trial 2 Trial 3
N rate Watering Phosphorus rate (kg P/ha)
(kg N/ha) frequency
0 30 60 90 0 30 60 90 0 30 60 90

0 w1 3.25* 4.10 2.64 251 3.73 3.10 2.47 4.08 2.501.70 1.50 1.63
W2 2.69 4.23 3.08 3.67 2.40 3.87 3.60 2.30 237 6 1. 267 2.17
W3 2.92 3.10 3.34 3.66 2.37 2.97 2.90 1.77 187 872. 2.70 1.67

40 w1 2.89 3.69 3.86 4.07 3.80 3.48 4.20 3.82 1.933.40 2.03 2.27
W2 3.84 4.26 3.83 3.14 2.33 2.80 2.97 2.30 3.10 003. 2.93 2.30
W3 4.21 4.37 4.37 3.56 2.93 2.43 3.27 2.23 297 003. 247 3.17

80 w1 4.14 4.16 4.47 4.02 2.37 3.37 3.10 3.87 1.972.87 2.70 2.63
W2 4.13 4.50 5.26 4.31 2.77 2.53 5.03 3.00 2.33 672. 3.70 2.77
W3 3.51 3.3t 3.62 2.6 4.0C 2.7 3.57 3.12 2.81 3.2t 3.0C 241

120 w1 3.67 3.10 3.48 3.74 2.10 3.80 3.05 3.13 2.673.57 2.60 3.33
W2 3.71 3.18 3.66 4.30 3.90 2.67 3.83 2.77 343 472. 3.23 3.30
W3 3.0¢€ 4.1C 3.3¢ 3.62 3.917 4.97 4.07 2,92 2.8C 3.4(C 2.97 3.0%

LSD N rate NS NS NS

LSD Water NS NS NS

LSD Phosphorus NS NS NS

LSD N X Water NS NS NS

LSDN X P NS NS NS

LSD Water X P NS NS NS

LSD N X Water X P NS NS NS

NS= Not significantly different at$ 0.05; *Values not followed by a letter are notrsfgcantly different according to the F-Test ak®.05.

Both nitrogen and watering significantly £€0.05) influenced the leaf fresh weight in trigdidd not in 2 and 3. The
best N treatment for highest leaf fresh weight §38tons/ha) was 80 kg/ha in trial 1 and the poolest fresh
weight (13.60 tons/ha) was recorded on plots thetived no nitrogen. Watering regime that favodesd fresh
weight in trial 1 was watering once after every tweeks, yielding 17.82 tons/ha in comparison toltheest yield
recorded on watering once after every four week83.5ons/ha giving an increase of 2.77 tons/hardhvere no
significant effects between nitrogen, watering phdsphorus for leaf fresh weight.

DISCUSSI ON

The growth and development, and consequently yiélcrops are highly influenced by available soilistare as
well as mineral nutrition. In the current study, 89 N/ha in combination with 60 kg P/ha and watgrimce after
every two weeks resulted into the best growth aetll yof sage plants with respect to plant heigil, lfresh and
dry weights. This indicates that the 80 kg of Némal 60 kg P/ha application was adequate enoughpjost leaf
yield through enhanced leaf area development lgatiradequate photosynthesis hence an increagewitgwith
respect to plant height. The above supports theectfinding that the 80 kg of N/ha application waedequate
enough to support leaf yield through enhance leaé aevelopment leading to adequate photosynthesise an
increase in growth with respect to plant heighfol8iand Barbieri and Sinclair and Rufty [16 and fifther
supports our findings by indicating that applicatiof N increases yield through increasing photdsssis,
chlorophyll content, and Rubisco activity, biomassld, plant growth and leaf surface area. LeafaAhedex was
lowest in unfertilised plots probably due to eatbaf shedding due to N deficiency which decreasestp
photosynthesis potential resulting into decreasedgetative growth under low N levels. Rajeswara RES]
reported that addition of 80 kg N/ha/year enhartbedtotal biomass yield a@ymbopogon martini{Roxb.) Wats.
Var Motia Burk by 57.6% relative to untreated plodzizi et al. [19] also reported that high nitrogkevels (1.0-
1.5g N/pot) increased the dry matter herbage ofare as compared to low N levels (0.5 g N/pot)ewlsere,
Ozguven et al.; Ram et al. and Singh and Sharmalf2@nd 21], had similar observations for wormwaaaht and
palmarosa, respectively.

In plants, phosphorus (P) is required in relativielisge amounts for the biosynthesis of primary aedondary
metabolites [12] since P has essential functiorns esnstituent of nucleic acids and phospholipidsnjembranes)
and plays a key role in the energy metabolism d&.cBlell et al. [22] reported that P applicaticgitfier 136 mg
KH,PQOJ/L or 68 mg KHPQ,/L) to garden sage increases the leaf biomassiatia phenolic compounds and
rosemarinic acid concentration and the rosemaidcid yield in leaves. Similar findings were repdrtr M.
piperita by Santos de Souza et al. [23] who reported tleptoduction of biomass was not significantlyueficed
by phosphorus fertilization. They reported a highetin branch length with the highest level of phasps. They
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also noted that phosphorus concentrations didniloieince the accumulation of dry matter, shoot exad of plants
of M. piperitaduring its development.

Karamanos [8] reported that there is an impresgogtive response of herbage growth to water supis is in
agreement with the current study, because watenmg after every two weeks yielded the best resoitall the
treatments under study while watering once afteryefour weeks resulted in the poorest responsgid at al. [24]
indicated that water stress significantly decreaskedit height, leaf area index, dry matter accutinaand oil
content ofMentha arvensisfindings which are similar to this study althoughour case the differences were only
significant in season 1 for plant height LAl andfléresh weight.

Finally, it is possible that sage plants suppliethvow irrigation water, N and P rates experienbeth water and
nutrient deficiency stresses due to imbalance timapn growth conditions which resulted into shogants, low

LAI as well as leaf fresh and dry weights. Increatél due to the N X P X W interaction effects mighave

allowed plants to trap more radiant energy requioeegnhanced photosynthetic activity, which imtimcreased the
amount of photoassimilates produced and availaisléeaf production.

CONCLUSION

The indiscriminate use of fertilizers in intensiegriculture has increased crop performance undéegaied
conditions but has also harmed the ecosystemsrnamneaised costs of production and hence reduciniggtridity.
Integrated nutrient management approaches advtivateontrolled use of nitrogen fertilizer [25]. $hiherefore
embraces our findings that N and P applicationOakd@N/ha and 60 kg P/ha as opposed to 120 kg aikda80 kg
P/ha is sufficient enough to support sage growth fagsh yield (which was attained as 27.10 tonil&aQ3 ton/ha
14.67 ton/ha in trials 1, 2 and 3, respectivelyemwatering once after every two weeks regime. déroand higher
rates of N and P as well too close and far irrayaintervals resulted into reduced growth as welleaf yields at
different combinations. There is need however foor®mic evaluation of these practices before thay be
recommended for use in Kenya.
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