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Abstract

A study was conducted in a Rainshelter (RTrial) at Horticultural Research and Teaching Farm,
Egerton University to determine the effect of integration of irrigation water, nitrogen (N) and
phosphorus (P) application on seed potato leaf area index (LAI), stomatal conductance and
chlorophyll content. The treatments arranged in a split-split plot layout in a completely
randomised block design, consisted of three irrigation water rates (40%, 65% and 100% field
capacity), four N rates (0, 75, 112.5 and 150 kg N/ha) supplied as urea (46% N), and four P
rates (0, 50.6, 75.9, 101.2 kg P/ha) supplied as triple superphosphate, replicated three times
and repeated once. During the growth leaf area, stomatal conductance, and chlorophyll
content were measured. Data collected were subjected to analysis of variance and
significantly different means separated using Tukey’s Studentized Range Test at P<0.05. Leaf
area index was greater with high irrigation water at 100%, N at 150 kg N/ha and P at 101.2 kg
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P/ha, which was 2.6 and 1.3 at 51 days after planting (DAP) and 3.5 and 3.1 at 64 DAP.
Furthermore, low irrigation water rate at 40% together with low N and P rates of 0 kg N/ha
and 0 kg P/ha had the least LAI, which was 0.28 and 0.19 at 51 DAP and 0.28 and 0.24 at 64
DAP both in RTrials | and Il, respectively. Subjecting potato to 100% compared to 40%
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irrigation rate increased stomatal conductance at 87 days after planting (DAP) by 32.82 and
31.99 mmolm~3~2 |eaf chlorophyll content index by 16.2 and 16.5, 19.8 and 19.6, and 15
and 20.3, when integrated with high compared with low N and P application rates at 59, 73
and 87 DAP, in RTrials I and Il respectively. Irrespective of N and P rates LAI, stomatal
conductance and chlorophyll content were significantly greater with high irrigation water at
100% followed by 65% and was lowest with 40% irrigation water rate.

Keywords: Potato, Irrigation, Nitrogen, Phosphorus, Leaf, Conductance, Chlorophyll
1. Introduction

Plant growth and development and consequently yields are influenced by many stress factors,
such as low or high temperatures, water deficit, excessive radiation within the
photosynthetically active range, mechanical injuries, gaseous contamination, phytotoxins,
herbicides applied, or intensive fertilization (Sawicka et al., 2015). Although potato is the
most widely distributed crop in tropical and subtropical zones of the world (Burhan et al.,
2007), its productivity and quality are inadequate due to disjointed investigation of the many
factors that hinder them. These factors include poor seed potato tuber quality, irrigation
management, mineral fertilization, insect pest and disease forecasting, as well as poor
planting dates and storage conditions (Walingo et al., 2004). Potato growth depends on a
supply of plant nutrients, such as nitrogen (N), phosphorus (P) and potassium (K), each with
a specific function for plant growth and lack of them results in retarded growth processes and
reduced yields (van der Zaag, 1981).

In Kenya, low application of N and P under continuous cultivation is a major constraint that
leads to poor potato growth and productivity. Mineral nutrients are essential for healthy plant
growth, optimum vyield, and better economic returns. Potato plants have a high demand on
soil nutrients and their proper management is one of the most important factors required to
obtain maximum tuber yield (Braun et al., 2015).Therefore, it is important to maintain high
soil fertility through balanced nutrient supply (ICIPE, 2006). Optimum use of mineral
fertilisers by crops is essential for sustainable agriculture and nutrient use efficiency
comprises both uptake efficiency and utilisation efficiency (Hawkesford, 2012). The aim of
fertiliser application is to feed the soil, which in return feeds the plant. Another factor that has
limited seed potato production in many parts of Kenya is unreliable rainfall. Potato is
sensitive to soil water deficit (Bowen, 2003; Kiziloglu et al., 2006) and is often considered as
a drought sensitive crop and its sustainable production is threatened due to frequent drought
episodes (Obidiegwu et al., 2015). Plant needs for water and nutrients are interdependent, as
a good water supply improves the nutritional status of crops, and adequate nutrient supply
saves water (Roy et al., 2006).

Effective management and proper coordination of N, P and irrigation water can increase
potato productivity through their efficient use. Most work on seed potato tuber quality has
focused on effect of diseases and little attention has been given to the effect of nutrient and
water management in different genotypes. Irrigation has been increasingly employed to
curtail effects of drought (Thompson et al., 2007) in other countries, but in Kenya potato
farmers rarely use this practice due to cost and lack of knowledge, among other factors.
Farmers in the informal seed production sector are inconsistently and inappropriately
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applying N and P fertilisers due to lack of information on their combined effects on potato
growth and development for high quantity and quality seed potato tuber production. In the
long-term misapplication influences potato leaf area expansion, stomatal conductance,
chlorophyll content, seed potato yield and quality, as well as market and consumer values.
Conductance of the diffusion and the transport of CO. play a major role in determining
C02:0- ratio (Biman et al., 2014) which is crucial in determining photosynthetic rates. The
lower stomatal conductance inhibits water losses, thus helping the plants to cope with the
drought in better way (Naveed et al., 2012) although it inhibits the CO; fixation, resulting in
lower productivity (Cornic 2000; Chaves et al., 2002). Nitrogen is an important nutrient since
it has a positive effect on chlorophyll concentration, photosynthetic rate, plant height and dry
matter accumulation and higher potato tuber yields (Sinfield et al., 2010; Tremblay et al.,
2011). Chlorophyll is one of the most photochemically active compounds in photosynthesis
and its determination provides useful information concerning the photosynthetic status
(Yadav et al., 2010)

Where fertilization is done, farmers do not supply irrigation water to the crop to enable it
utilize the nutrients efficiently and realize better returns. As the need for food production
increases with increasing population growth, it is important that strategies are developed to
enhance the nutrient uptake and utilization efficiencies (Liu et al., 2012). This can be
achieved through combined investigation of N, P and irrigation water effects. Furthermore, in
the face of increased fertilizer and irrigation water cost and stringent environmental
regulation, there is a critical need to improve N, P and water use efficiency to ensure seed
potato production remains sustainable. Excess water can be a cause of nutrient losses, and
insufficient water at a critical stage can limit growth and vyield, and timing of water
application influences nutrient use efficiency (Roy et al.,, 2006). Therefore, water
management and/or rainfall are among the most important factors determining yield and
quality of potatoes (DAFF, 2013).

There is therefore need to evaluate, document and disseminate comprehensive management
packages and knowledge on leaf expansion capacities, stomatal conductance and chlorophyll
content in environments characterized by varied rainfall and nutrient amounts. The ability
of leaves to expand, stomatal conductance and the chlorophyll concentration determined by
water and nutrient supply forms critical determinants of leaf photosynthetic capacities which
influences the photoassimilates available for plant growth and consequent yield. Study of
tolerance of seed potato to varying irrigation water and mineral nutrient supply rates will
assist producers in predicting expected potato growth and tuber yields under their prevailing
agro-ecological conditions.

H Journal of Agricultural Studies
A\ MacrOthlnk ISSN 2166-0379

2. Materials and Methods
2.1 Potato Growth in the Field

Potatoes were planted in a rainshelter at the Horticultural Research and Teaching Farm of
Egerton University, Njoro between 19" August and 19" December 2011 (RTrial I) and the
trial was repeated between 5™ April and 6 August 2012 (RTrial 11). Potatoes were planted to
determine the effect of irrigation water, nitrogen (N) and phosphorus (P) application rates on
leaf area index, stomatal conductance, and chlorophyll content of seed potato. The three
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factors were tested in a split-split plot design with the irrigation water rate assigned to main
plots, N to subplots and P to sub-subplots. The treatments were replicated three times. The
treatments consisted of three irrigation water (W) rates (40%, 65% and 100% field capacity
[FC]), applied throughout the potato growth period through drip tube lines. Water was
supplied through irrigating only the root zone, leaving the inter-row spaces dry. A
WaterScout (Model SM 100 Sensor) connected to 2475 Plant Growth Station (Watch Dog
Model, Spectrum Technologies, Plainfield, IL 60585, USA), which is applicable between 0%
to saturation was used to indicate the need for irrigation.

Nitrogen (N) was supplied as urea (46% N) at four rates (0, 75, 112.5 and 150 kg N/ha), each
in two splits, with the first half at planting and the second at 5 weeks after planting.
Phosphorus (P) was supplied at planting time as triple superphosphate (46% P205) at four
rates (0, 50.6, 75.9, 101.2 kg P/ha). Each plot measured 1.8 m x 2.25 m. Each
experimental unit consisted of seven rows each with seven tubers planted. Routine field
maintenance practices such as weeding and spraying against diseases and insect pests using
appropriate fungicides and insecticides was done when necessary. Weeding or physical
uprooting of weeds was done any time weeds were visible. Recommended fungicides for
control of early and late blight such as Ridomil® were used. Insect pests mainly aphids,
thrips, and white flies were controlled using Metasystox® and mites using miticides. Earthing
up was done during weeding. The haulm was not cut off before harvesting for purposes of
shoot growth determination at harvest.

2.2 Leaf area index (LAI)

Three plants per treatment were pegged and the leaf area measured using the graphical
method in both RTrials | and Il. The total leaf area per plant was estimated using a graph
paper whereby leaves within a plant were randomly selected and divided into four growth
categories namely smallest, small, medium and large. The leaves within these categories were
removed from a potato plant and placed on a graph paper and their approximate area
determined by counting the number of 1 cm? grids on the graph paper occupied by the
individual leaf. The individual leaf area for the smallest, small, medium and large was 7 cm?,
18 cm?, 34 cm?, and 42.5 cm?, respectively. When the individual leaf area of these four
categories of leaves within the potato was determined, leaves within the plant similar to the
smallest, small, medium and large were counted separately. The total leaf area per category
was obtained by multiplying the number of leaves counted per category by the respective
individual leaf area i.e. multiplying the leaf area per active haulm by the number of active
haulms per plant. The total leaf area of the plant was obtained by adding the total leaf area of
smallest, small, medium and large leaf categories. The total leaf area was determined at 51
and 64 DAP a period characterised by tuber set and initiation of tuber bulking within the
potato plant. The resulting total leaf area was used to calculate LAI using the formula: LAI
= Total leaf area (cm?)/ground area (cm?) (Beedle, 1987).

2.3 Leaf stomatal conductance

The stomatal conductance was measured on fresh tissues of one randomly selected leaf of
medium growth on three middle randomly pegged plants per treatment at 59, 73 and 87 days
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after planting (DAP) in both RTrials | and Il using a leaf porometer (SC-1; Decagon
Devices, Pullman, WA). Stomatal regulation of gas exchange by leaves is of great importance
to photosynthesis and stomatal movements can be affected by various environmental factors,
including plant water status, CO> concentration and light (Raschke, 1975; Kim et al., 2004).

2.4 Leaf chlorophyll content index

Leaf chlorophyll content was measured at 59, 73 and 87 DAP using chlorophyll content
meter (CCM-200 plus; Opti-Sciences, Tyngsboro, MA) on fresh tissues of lower, middle and
uppermost fully expanded leaves on the three randomly pegged plants per plot. The
measurements were taken halfway from the leaf base to the tip and halfway from the midrib
to the leaf margin. Chlorophyll content meter assists in rapid, non-destructive, determination
of chlorophyll content in intact leaf samples. A non-destructive estimation of leaf Chlorophyll
and Chlorophyll Concentration Index (CCI) value that is proportional to the amount of
chlorophyll in the sample is the units of measurements. Leaf chlorophyll content provides
valuable information about physiological status of plants (Gitelson et al., 2003).

2.5. Data Analysis

Data collected was subjected to analysis of variance using the SAS system for windows V8
1999-2001 by SAS Institute Inc., Cary, NC, USA (SAS, 2011) and significantly different
means separated using Tukey’s Studentized Range Test at P < 0.05.

3. Results
3.1. Leaf area index (LAI)

Leaf area index significantly differed among the treatments at 51 and 64 DAP. Potatoes that
received high irrigation water, N and P rates had significantly higher LAI than those that
received lower rates. Leaf area index significantly increased between 51 and 64 DAP with
integrated application of high irrigation water, N and P rates in both RTrials. Leaf area index
was greater with high irrigation water at 100%, N at 150 kg N/ha and P at 101.2 kg P/ha,
which was 2.6 and 1.3 at 51 DAP and 3.5 and 3.1 at 64 DAP. Furthermore, low irrigation
water rate at 40 % together with low N and P rates of 0 kg N/ha and 0 kg P/ha had the least
LAI, which was 0.28 and 0.19 at 51 DAP and 0.28 and 0.24 at 64 DAP both in RTrials | and
I, respectively.

Irrespective of N and P rates LAI was significantly greater with high irrigation water at 100%
followed by 65% and was lowest with 40% irrigation water rate. High compared to low
irrigation water together with high N and P application rates increased the LAI by 1.54 and
0.61 at 51 DAP and by 2.06 and 1.78 at 64 DAP both in RTrials I and Il, respectively.
Similarly LAI significantly increased from low to high rates of N and P at all irrigation water
rates. However, slight but significant differences were observed when 40% and 65%
irrigation water rates was supplied together with high N and P rates of 150 kg N/ha and either
75.9 kg P/ha or 101.2 kg P/ha (Table 1).

3.2. Leaf stomatal conductance (mmolm %"3

Leaf stomatal conductance was significantly affected by all the treatments at the various
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stages of potato growth. Integration of irrigation water, N and P application rates did not
affect leaf stomatal conductance. However, effects of integration of N and P on leaf stomatal
conductance were observed at all growth stages. Leaf stomatal conductance increased with
irrigation water, N and P application rates. While high irrigation water rate increased the leaf
stomatal conductance, low irrigation water rate reduced the leaf stomatal conductance (Table
2). Therefore water stress resulted in decrease in the net leaf stomatal conductance
Furthermore, leaf stomatal conductance increased from 59 DAP and was highest at 73 DAP
after which it reduced regardless of irrigation water application rate later in the growth season.
Average leaf stomatal conductance at 87 DAP decreased by 24.1 and 35 mmolm~= Lwith
high compared to 21 and 33.9 mmolm~="Lobserved with low irrigation water rate in RTrials
I and I, respectively. Therefore although decreases in leaf stomatal conductance were also
observed with high irrigation water rate greater reduction resulted from low irrigation water
application rate at the later growth stages. Therefore, higher irrigation water application
rates maintained higher leaf conductance compared to lower application rates in both RTrials
(Table 2).

Similarly leaf stomatal conductance increased with N and P application rate. High rates of N
and P application increased leaf stomatal conductance from 59 to 79 DAP after which there
were declines regardless of their application rate (Table 3).

Table 1. Effect of irrigation water, N and P application rate treatments on potato LAI

RTrial | LAl at 56 DAP LAl at 64 DAP
P rate (kg P/ha) P rate (kg P/ha)
kg N/ha 0 50.6 75.9 1012 0 50.6 75.9 101.2
0 0.78d*  0.85d 1.46¢ 1.58d 1.05d 1.14d 1.95¢ 2.12d
75 0.92c 1.02¢c 1.45¢ 1.76c 1.23c 1.37c 1.95¢ 2.37c
e 1125 1.34b 1.22b 1.76b 2.14b 1.63b 1.8b 2.35b 2.87b
§ 150 1.37a 1.8a 2.36a 2.64a 1.84a 2.46a 3.17a 3.54a
0 0.44d 0.65d 1.02d 1.11d 0.59d 0.87d 1.37d 1.48d
75 0.65¢c 0.73c 1l.1c 1.32¢c 0.87c 0.98c 1.48c 1.75¢
ELE < 1125 0.93b 1.05b 1.3b 14b 1.24b 1.4b 1.74b 1.88b
B 150 0.97a 1.13a 1.34a 151a 1.29a 1.54a 1.79a 2.03a
g 0 0.21d 0.35d 0.53d 0.69d 0.28d 0.47d 0.71d 0.93d
E 75 0.37c 0.48c 0.82¢ 0.91c 0.49c 0.64c 1l.1c 1.22¢c
§ < 1125 0.5b 0.60b 0.88b 1.07b 0.67b 0.8b 1.18b 1.44b
s Q 180 0.62a 0.64a 0.93a l1a 0.83a 0.85a 1.25a 1.48a
g MSD 0.02(N) 0.02() 0.02 (W) 0.03(P) 0.03(N) 0.02(W)
= CV (%) 5.80 6.05
RTrial Il
% 0 0.59d* 0.64d 0.76d 0.82d 0.91d 0.98d 1.63d 1.83d
s 75 0.69c 075¢c  0.78c 0.91c 1.06¢ 118c  167c 2.04c
5 o;c’ 1125 0.76b 0.81b 0.88b 1.03b 1.41b 1.55b 2.03b 2.45b
g g 130 0.85a 111la 1.16a 129 1.59a 2.08a 2.73a 3.05a
E 820 0.38d 0.55d 0.59d 0.64c 0.51d 0.75d 1.18d 1.28d
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75 0.55¢c 0.62c 0.65¢c 0.76b 0.75c 0.84c 1.27c 1.53c

1125 0.6b 0.68b 0.71b 0.78b 1.07b 1.21b 1.49b 1.62b

150 0.63a 0.73a 0.75a 0.84a 1.12a 1.31a 1.55a 1.75a

0 0.2d 0.31d 0.39d 0.45d 0.24d 0.41d 0.61d 0.8¢c

75 0.35¢ 0.45¢c 0.54c 0.59¢ 0.42c 0.55¢ 0.95¢ 1.05b
o 1125 0.42b 0.48b 0.56b 0.66b 0.58b 0.69b 1.01b 1.24a
<23r 150 0.51a 0.52a 0.59a 0.68a 0.71a 0.73a 1.08a 1.27a

MSD 0.02(N) 0.02(P) 0.02 (W) 0.04(N) 0.04(P) 0.03(W)

Ccv 8.23 8.83

(%)

Means followed by the same letter(s) along the column for different irrigation water rate with
N by P rates are not significantly different at P<0.05 according to Tukey’s Studentized Range
Test. FC = Field Capacity, DAP = Days after Planting, MSD = Minimum Significant
Difference. Mean separation was done within each season.

High compared to low P application rate increased the leaf stomatal conductance by 22.8 and
27.2 mmol m~% 2while high N application increased the same by 24.6 and 24.2 mmol m=2
s™at 87 DAP in RTrials | and |1, respectively (Table 3).

Generally potato leaf stomatal conductance significantly increased with irrigation, N and P
application rates. Significant difference in the leaf stomatal conductance was observed among
the treatments throughout the growth period in both RTrials I and 11 (P < 0.05).

Table 2. Effect of irrigation water rates on potato leaf stomatal conductance

59 DAP 73 DAP 87 DAP

Irrigation rate (% FC) Irrigation rate (% FC) Irrigation rate (% FC)
RTrial | 100 65 40 100 65 40 100 65 40
Mean 131.7a* 112.7b 98.7c  148.2a 125.7b 1122¢  124.1a 102.3b 91.2¢c
MSD 4.8 (N) 3.8(W) 57(N) 45W) 5.2 (N) 4.1 (W)
CV (%) 119 12.6 14
RTrial 1l
Mean 138.9a 123.7b 104c 150a 132.3b 117.3c  1154a 108.9b 83.4c
MSD 5.3 (N) 4.2 (W) 58(N) 46(W) 4.3 (N) 3.4 (W)
CV (%) 124 12.3 12.0

*Means followed by the same letter (s) along the row at the same DAP are not significantly
different at P<0.05 according to Tukey’s Studentized Range Test. FC = Field Capacity, DAP
= Days after Planting, MSD = Minimum Significant Difference. Mean separation was done
within each season.

3.2 Leaf chlorophyll content index (CCI)

The average leaf chlorophyll content index of potato increased significantly over the growth
period with irrigation water, N and P application rates (Table 4). Interactions between
irrigation water, N and P rates resulted to significant differences in leaf chlorophyll content
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index at all growth stages both in RTrials I and Il. Significant differences were also observed
between irrigation water and P rates at all growth stages, except at 59 DAP in RTrial I.
However, interactions between N and P were not significant at 59 and 79 DAP in RTrial Il.

Water stress due to low irrigation water rate resulted in decrease in the leaf chlorophyll
concentration. High irrigation water rate resulted to a higher amount of chlorophyll compared
to low irrigation water rate. Similarly application of higher rates of N led to high chlorophyll
concentration in both RTrials. However, application of high N rates with 40% and 65%
irrigation water rates reduced the leaf chlorophyll concentration at 73 and 87 DAP both in
RTrials | and Il. The leaf CCI increased with integrated irrigation water, N and P from 59
DAP and was highest 73 DAP after which it decreased 87 DAP (Table 4).

Integration of high compared with low N and P application rates together with 100%
irrigation water rate increased the leaf chlorophyll concentration by 16.2 and 16.5, 19.8 and
19.6, and 15 and 20.3 CCl at 59, 73 and 87 DAP both in RTrials I and Il respectively. When
low irrigation water rate was integrated with high compared with low N and P application
rates the leaf chlorophyll concentration increased by 10.1 and 7.2, 18.8 and 14.9, and 17.8
and 9.1 CCI at the same growth stages both in RTrials I and Il respectively. The highest leaf
chlorophyll concentration was 53.7 and 53.6 CCI that resulted from combined application of
100% irrigation water, 112.5 kg N/ha and 101.2 kg P/ha 73 DAP while the lowest was 20.9
and 22.2 CCI recorded with 40% irrigation water, 0 kg N/ha and O kg P/ha both in RTrials |
and Il respectively. Therefore integration of high irrigation water, N and P application
compared to low irrigation water greatly increased the leaf chlorophyll concentration in
potato. Integration of low irrigation water and higher N and P rates beyond 112.5 kg N/ha and
75.9 kg P/ha reduced the leaf chlorophyll concentration at all growth stages in both RTrials
(Table 4).

Table 3. Effect of N and P rates on potato leaf stomatal conductance

RTrnal I 59 DAP 73 DAP 87 DAP
P rate (kg P/ha) N rate (kg N/ha) N rate (kg N/ha) N rate (kg N/ha)

0 75 1125 150 Mean 0 75 1125 150 0 75 1125 150 Mean
0 93.1 95.4 1063 1134 102.1d  106.6c  108.5d 12084 1241d 848 89.4 98.4 108.1 95.2d
50.6 101.6 1058 1146 1224 1lle  112bc  1192c  131c 1333c 924 952 1073 1104  1013c
75.9 1049 116.1 120.6 1322 1184b 11696 1297b  1375b 14456 977 104.6 112.8 120.8 108.9b
1012 1104 120.7 126.8 1453 12582 1252a  1363a 14822 1647a 1022 1082 1253 136.5 118a
Mean 1025d*  109.5¢ 11716 1283a 1152 1234 1344 1417 943c  993c 1109 1189
MSD  48(F) 48(N) 57()  ST(N) S20) 52(N)
CV(%) 119 126 14
RTnal I
0 1002 1072 1111 117.7 109.1d  1113c 1125c 12494 1286c  74.5d 93.6c 91.9d 99.8d 89.9

50.6 105.6 114.1 1194 130.5 1174c  116.1bc 12226 1343c  1413b  879¢ 94.2c 100.9c  108.7c 979
759 110.8 124.6 136.6 137.4 12736 1209 13532 14396 1469  93.1b 10156 1114b  1155b 1054

1012 1201 1318 1406 1478 1351 130a 140a 15232 17052 10192 11092 12552 13032 1172
Mean  1092d* 1194c 12696 1334 119.6 1275 1389 1469 894 1001 1074 1136
MSD  53()  S53(N) 53(p) 53(N) 430) 430

CV(%) 124 123 12

*Means followed by the same letter(s) along the row for N main effects and the column for P
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rates are not significantly different at P<0.05 according to Tukey’s Studentized Range Test.
Some interactions were not significant. DAP = Days after Planting, MSD = Minimum
Significant Difference. Mean separation was done within each season.

Table 4. Effect of irrigation water, N and P rates on potato leaf chlorophyll content index

RTrial | CCl at 59 DAP CCl at 73 DAP CCl at 87 DAP
P rate (kg P/ha) P rate (kg P/ha) P rate (kg P/ha)
kg N/ha 0 506 759 1012 O 50.6 75.9 1012 O 50.6 75.9 101.2
0 26.6d* 33.6c 359b 38.2a 33d 39.8c 422b 46.8a 22.6c 28.6b 29.7b 32.7a
75 303c 352b 36.2b 389a 37.1d 421c 452b 493a 26.5c 29.6b 29.8b 33.8a
< 1125 331d 36.6c 39.2b 432a 405d 46.6c 51.4b 53.7a 29.5c 30.3c 322b 36.4a
§ 150 353d 38.6c 405b 428a 414d 445c 49.2b 52.8a 27.5d 30.6c 352b 37.6a
0 274d  295c 322b 348a 30.1c 353b 36.2b 419a 231c 236c 26.1b 30.la
75 29.4d 31.7c 33.8b 36.4a 34c 389b 40.2b 454a 232c 27.4b 286b 3l4a
1125 31d 33.7c 39.4b 42.7a 355c 124b 489a 488a 26.1c 31b 34.6a 34.4a
’(IE é 150 31.8d 359c 414a 386b 37d 122c 483a 457b 26.1d 29.3c 35.6a 32.9b
S 0 236d 288c 304b 336a 29.2c 309b 357a 36.8a 209c 22.7b 26.3a 26.3a
@ 75 273c  304b 334a 339a 309c 36.6b 40.2a 39.7a 22.7c 243b 27.9a 28.3a
g 1125 289c 304b 332a 332a 36.1c 399 47.1a 48a 255c 265c 38.7a 36.7b
§ :Si 150 278c  325b 36.9a 33.7a 37.2d 416c 47.7a 403b 255c 27.3b 3la 27.5b
% MSD 1.1 (N,P) 0.9 (W) 1.5 (N,P) 1.2 (W) 1.1(N,P) 0.8 (W)
)
T CV(®) 16.2 18.1 18.2
RTrial 1l
0 29.4d 35.1c 375b 39.5a 329c 41.7b 42.7b 478a 257c 28.8b 29.7b 34.1la
75 32d 36.6c 38.1b 39.9a 36.9d 44.6c 474b 514a 292c 313b 321b 357a
< 1125 32.6d 36.9c 39.7b 425a 428c 149.2b 49.9b 53.6a 3lc 32.6b 335b 35a
§ 150 36.5d 39 416b 459a 439d 148c 5l1.1a 525a 295d 32.6c 39.7b 46a
0 286d 312c 325b 36.2a 31.8d 37.6c 44b 459a 23.7c 25.8b 288a 29.5a
75 299d 336c 34.7b 387a 354d 385c 46.2b 479a 249d 281c 29.9b 3l5a
1125 33.6d 36.1c 376b 396a 418c 144b 457b 485a 27.9d 3l4c 326a 33.3a
S é 150 288d 32 382b 403a 379d 458c 47.6b 506a 253d 288c 36.7a 32.9b
';\';, 0 27.9¢c 309b 31.7b 33.7a 30b 315b 38.2a 3770 222d 239c 29.1a 27.8b
2 75 28.7c 315b 35.6a 35.7a 31.7c 37b 40.3a 416a 24.6d 26.7c 30.7a 28.1b
5 1125 299d 31.7c 357a 341b 357d 389c 418b 449a 245c 26.1b 31.3a 30.5a
g :é: 150 289d 326c 383a 351b 393b 438a 43.7a 427a 265c 288b 30.2a 28.2b
2 MSD 1.1 (N,P) 0.9 (W) 1.6 (N,P) 1.3(W) 1.1(N,P) 0.8(W)
=)
E  CV(%) 155 18.9 175

*Means followed by the same letter(s) along the row at the same DAP and irrigation water
and N rate are not significantly different at P<0.05 according to Tukey’s Studentized Range
Test. FC = Field Capacity, DAP = Days after Planting, MSD = Minimum Significant
Difference. Mean separation was done within each season.
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4. Discussion

In Kenya, farmers grow seed potato during the rainy season using fertilizer rates of
commercial potato production. In this study, 100% irrigation water rate represented a normal
rainy season, and fertilizer rates were varied from zero to recommended commercial potato
production rates. In the present study, potato plants supplied with high irrigation water, N and
P rates had larger LAI, higher leaf stomatal conductance and chlorophyll content index.
Potatoes supplied with 100% irrigation water had better growth and development compared
to those supplied with 65%, which had intermediate and those supplied with 40% rate had the
least.

It is possible that low irrigation water led to droughty conditions and water stress within the
potato plant, which possibly resulted in low LAI, stomatal conductance and chlorophyll
content index and consequently reduced photosynthetic activity. Plants under water stress
have been reported to show a decrease in leaf conductance (Obidiegwu et al., 2015), total
area of leaves (Albiski et al., 2012), reduced plant chlorophyll content (Anithakumari et al.,
2012), and the photosynthesis rate (Li et al., 2015).

Loggini et al. (1999), and Apel and Hirt (2004) reported that drought inhibits or slows down
photosynthetic carbon fixation mainly through limiting the entry of CO: into the leaf or
directly inhibiting metabolism. Probably potato supplied with high compared to low irrigation
water experienced higher rates of leaf stomatal conductance, which lead to high metabolism
and consequently greater chlorophyll content index. Chlorophyll is the key pigment involved
in the primary reactions of photosynthesis which is the global biological process that provides
primary biomass and energy for almost all living beings (Shpilyov et al., 2013). High
chlorophyll content index might have led to higher photosynthetic activity within the potato
supplied with high irrigation water. Van der Zaag (1992) reported that insufficient water
supply reduces foliage growth and efficiency in use of intercepted light by reducing the rate
of photosynthesis, and consequently stimulating maturity through death of the leaves. This
possibly explains why potato plants supplied with low irrigation water, N and P mineral
nutrients attained lower stomatal conductance, chlorophyll content and consequently reduced
total dry matter (biomass) accumulation as indicated by the least LAI.

Nitrogen and phosphorus are crucial elements required for different roles in potato plant
growth and development. Low N and P probably impaired potato plant growth and
development, leading to low leaf stomatal conductance and chlorophyll accumulation.
Chlorophyll traps light and transfers energy for driving photochemical reactions (Yadav et al.,
2010) and photosynthetic activity is related to the content of the photosynthetic pigment,
chlorophyll (Macintyre et al., 2002; Huang et al., 2014). Therefore, amount of irrigation
water, N and P applied was an important factor in determining the rate of growth and
development of potato plant. It was observed that the key to potato plant growth and
development depended on establishment of a large LAI that is durable through the
reproductive phase. This was achieved through high irrigation water, N and P rates. Early
foliage development due to high irrigation water, N and P rates indicated by high LAI
possibly lead to a high interception of solar radiation and radiation use efficiency (RUE),
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mainly due to the greater photosynthetic surface area of the resultant potato crop.

Stalham and Allison (2012) reported that RUE was increased by irrigating and that this was
also associated with significant increase in total dry matter and tuber yield compared with
non-irrigated plots. Therefore, LAl could be a significant feature in determining
photosynthetic activity. Kara and Mujdeci (2010) reported that LAI is a key structural
characteristic of plants due to the role green leaves play in controlling many biological and
physical processes in plant canopies. The increased LAI due to high irrigation water, N and P
rates could have resulted in increased photosynthetic capacity and supply of assimilates
necessary for high growth and development. Elsewhere, N has also been reported to increase
the total chlorophyll content, meristematic cells and growth, leading to the formation of
branches in addition to leaf expansion (Tabassum et al., 2013). The low stomatal
conductance and chlorophyll content observed in potato plants that received low irrigation
water, N and P rates could have lead to low LAI and consequently to low interception of solar
radiation and hence low photosynthetic capacity to support potato plant growth.
Photosynthesis in plants has been reported to be as a result of interaction among different
factors like carbon dioxide concentration, ambient temperature, chlorophyll content, and
water and nutrient supply, which influence LAI (Tabassum et al., 2013).

Overall greater LAI was observed with high irrigation water, N and P rates. However,
treatments which received high irrigation water together with low N and P rates and
vice-versa did not record greater LAI. This suggests that the effect of irrigation water, N or P
was closely related to the ability of potato plant to utilize them from the soil. Waraich et al.
(2011) reported that when water inside the plant declines below a threshold level, stomata
close and decrease transpiration rate resulting in reduction in water transport through the
plant, consequently affecting roots ability to absorb water and nutrients as effectively as
supposed to be done under normal transpiration. Therefore, it is possible that normal
transpiration required certain amounts of irrigation water below which the high N or P rates
cannot lead to greater potato growth and development. It therefore seems there is a
synergistic relationship between the irrigation water, N and P rates towards potato growth and
development. Probably, availability of N and P to the potato crop depends on the amount of
irrigation water supplied. Furthermore, the utilization of the applied irrigation water by the
potato crop depends on the amount of N or P applied.

Segal et al. (2000) reported that high irrigation amounts and frequency provide desirable
conditions for water movement in soil and uptake by roots. However, it is possible that under
moisture stress conditions resulting from low irrigation water rate, mobility of N and P was
interfered with and therefore curtailing the benefits of these mineral nutrients. Najm et al.
(2010) reported that increased N fertilizer can increase N uptake for a positive effect on
chlorophyll content, photosynthetic rates, leaf expansion, total number of leaves and dry
matter accumulation. Similarly, in this study, high irrigation water, N and P rates could have
increased water, N and P uptake by the potato plant which led to a positive effect on leaf
stomatal conductance, chlorophyll content, LAI, and total biomass accumulation. Kumar et al.
(2013) reported that the increased dry matter production when inorganic and organic minerals
are applied is attributable to higher photosynthetic activity and translocation of
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photosynthates. This probably explains why low potato growth and development was
observed where low irrigation water together with high N or P rates were applied.

5. Conclusion and Recommendations

The overall combination of irrigation water, N and P rates affects soil moisture and nutrient
content during the potato growing period. This result influences the physiological status of
the potato plants, including leaf expansion capacities, stomatal conductance and chlorophyli
content. Integration of high irrigation water at 100%, N and P rates at 150 kg N/ha and
101.2 kg P/ha increases potato physiological activities that enhances greater growth and
development rates. It is recommended to avoid low irrigation water rates at 40% FC and low
N and P rates at 0 kg N/ha and 0 kg P/ha due to their potential negative effects on seed potato
growth and development.

Acknowledgements

The authors acknowledge the support given by National Commission for Science,
Technology and Innovation in funding this study, Egerton University for logistical support,
Joseph Muya Githaiga for maintaining the trial and Julia Muthoni Ndegwa of USA for
unconditionally assisting in procurement of the Plant Growth Station.

References

Anithakumari, A. M., Nataraja, K. N., Visser, R. G. F., & Van Der Linden, C. G. (2012).
Genetic dissection of drought tolerance and recovery potential by quantitative trait locus

mapping of a diploid potato population. Mol. Breed, 30, 1413-1429.
HTTP://DX.DOI.ORG/10.1007/s11032 -012-9728-5

Albiski, F., Najla, S., Sanoubar, R., Alkabani, N., & Murshed, R. (2012). In vitro screening of
potato lines for drought tolerance. Physiol. Mol. Bio. Plants, 18, 315-321. http://dx.doi.org/
10.1007/s12298-012-0127-5

Apel, K. & H. Hirt. (2004). Reactive oxygen species: Metabolism, oxidative stress, and signal
transduction. Annual Review of Plant Biology, 55, 373-399. http://dx.doi.org/
10.1146/annurev.arplant.55.031903.141701

Beedle, C. L. (1987). Plant growth analysis techniques of bioproductivity and photosynthesis.
2nd ed. J. Coombs, D. Hall., S. Lang and Sucrlock, J. (eds.). Pergamon Press, Oxford, 21-23.
http://dx.doi.org/10.1016/B978-0-08-031999-5.50011-X

Biman, D., Mayukh, G., Banani, D., & Bimal, D. (2014). Stomatal Conductance of Potato
Grown under Sub-tropical Conditions. International Journal of Bio-resource and Stress
Management, 5(1), 007-011. http://dx.doi.org/10.5958/j.0976-4038.5.1.002.

Bowen, W. T. (2003). Water productivity and potato cultivation, p. 229-238. In: J.W. Kijne, R.
Barker, & Molden, D. (eds.). Water Productivity in Agriculture: Limits and Opportunities for
Improvement. CAB International, Wallingford, UK.

Braun, H., de Castro Silva, M. C., Fontes, P. C. R., Coelho, F. S., & Cecon, P. R. (2015).
Top-dressing nitrogen management decision in potato using the “UFV-80" color chart and
SPAD readings. African Journal of Agricultural Research, 10(35), 3494-3501.
http://dx.doi.org/ 10.5897/ajar2015.9813

Burhan, M., Aslam, K., Irfanullah, M., Ishfag, M., & Ehsan, J. M. (2007). Comparison of

139 www.macrothink.org/jas


http://www.macrothink.org/jas
http://dx.doi.org/10.1007/s11032
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1016/B978-0-08-031999-5.50011-X
http://dx.doi.org/10.5958/j.0976-4038.5.1.002
http://dx.doi.org/

H Journal of Agricultural Studies
A\\Mac.rolthl,:k ISSN 2166-0379
Institute 2016, Vol. 4, No. 1

seed potato produced from different rapid multiplication sources against PVX, PVY and PVS
through ELISA. Journal of Agricultural Research, 45(1):67-73.

Chaves, M. M., Pereira, J. S., Maroco, J., Rodrigues, M. L., Ricardo, C. P. P., Os6rio, M. L.,
Carvalho, 1., Faria, T., & Pinheiro, C. (2002). How plants cope with stress in the field:
photosynthesis and growth. Ann Bot 89, 907-916. http://dx.doi.org/10.1093/aob/mcf105.
Cornic, G. (2000). Drought stress inhibits photosynthesis by decreasing stomatal aperture —
not by affecting ATP  synthesis.  Trends Plant Sci, 5,  183-221.
http://dx.doi.org/ 10.1016/s1360-1385(00)01625-3

Department of Agriculture, Forestry and Fisheries (DAFF). (2013). Directorate Plant
Production Division: Vegetables, Pretoria, Republic of South Africa. 52.

Gitelson, A. A, Gritz, Y., & Merzlyak, M. N. (2003). Relationships between leaf chlorophyll
content and spectral reflectance and algorithms for non-destructive chlorophyll assessment in
higher plant leaves. Journal of Plant Physiology, 160, 271-282.

Hawkesford, M. J. (2012). Improving Nutrient Use Efficiency in Crops. In: John Wiley &
Sons Ltd, Chichester. http://dx.doi.org/ 10.1002/9780470015902.a0023734.

Huang, W. D., Lin, K. H., Hsu, M. H., Huang, M.Y., Yang, ZW., Chao, P. Y., & Yang, C. M.,
(2014). Eliminating interference by anthocyanin in chlorophyll estimation of sweet potato
(Ipomoea batatas L.) leaves. Botanical Studies.

International Centre for Insect Physiology and Ecology (ICIPE). (2006). The organic farmer.
The magazine for sustainable agriculture in Kenya. ICIPE. Nairobi. Kenya. No. 14 June 2006.
8 pp.

Kara, B., & Mujdeci, M. (2010). Influence of late-season nitrogen application on chlorophyll
content and leaf area index in wheat. Science Research Essays, 5(16), 299-2303.

Kim, H. H., Goins, G. D., Wheeler, R. M., & Sager, J. C. (2004). Stomatal conductance of
lettuce grown under or exposed to different light qualities. Annals of Botany, 94, 691-697.
http://dx.doi.org/ 10.1093/aob/mch192

Kiziloglu, F. M., Sahin, U., Tune, T., & Diler, S. (2006). The effect of deficit irrigation on
potato evapotranspiration and tuber yield under cool season and semiarid climatic conditions.
Journal of Agronomy, 5, 284-288. http://dx.doi.org/ 10.3923/ja.2006.284.288

Kumar, C. V., Prakash, S. S., Prashantha, G. M., Kumar, M. B. M., Lohith, S., &
Chikkaramappa, T. (2013). Dry matter production and yield of potato as influenced by
different sources and time of fertilizer application and soil chemical properties under rainfed
conditions. Research Journal of Agricultural Science, 4(2), 155-159.

Li, J., Cang, Z., Jiao, F., Bai, X., Zhang, D., & Zhai, R. (2015). Influence of drought stress on
photosynthetic characteristics and protective enzymes of potato at seedling stage. Journal of
the Saudi Society of Agricultural Sciences, http://dx.doi.org/10.1016/j.jssas.2015.03.001

Liu, G., Li, Y., Alva, A. K., Porterfield, D. M., & Dunlop, J. (2012). Enhancing nitrogen use
efficiency of potato and cereal crops by optimizing temperature, moisture, balanced Nutrients
and oxygen bioavailability. Journal of Plant Nutrition, 35, 428-441. http://dx.doi.org/
10.1080/01904167.2012.639922

Loggini, B., Scartazza, A., Brugnoli, E., & Navari-1zzo, F. (1999). Antioxidative defence

140 www.macrothink.org/jas


http://www.macrothink.org/jas
http://dx.doi.org/10.1093/aob/mcf105
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.3923/ja.2006.284.288
http://dx.doi.org/10.1016/j.jssas.2015.03.001
http://dx.doi.org/

H Journal of Agricultural Studies
A\\Mac.rolthl,:k ISSN 2166-0379
Institute 2016, Vol. 4, No. 1

system, pigment composition, photosynthetic efficiency in two wheat cultivars subjected to
drought. Plant Physiology, 119, 1091-1099.

Macintyre, H. L., Kana, T. M., Anning, T., & Geider, R. J. (2002). Photoacclimation of
photosynthesis irradiance response curves and photosynthetic pigments in microalgae and
cyanobacteria. J. Phycology, 38(1), 17-38.
http://dx.doi.org/10.1046/j.1529-8817.2002.00094.x

Najm, A., Haj Seyed Hadi, M. R., Fazeli, F., Taghi Darzi, M., & Shamorady, R. (2010). Effect
of utilization of organic and inorganic nitrogen source on the potato shoots dry matter, leaf
area index and plant height, during middle stage of growth. World Academy of Science,
Engineering and Technology, 47, 900-903.

Naveed, A., Asif, A, Khan, A. A., & Rau, S. (2012). The Potential of Breeding Okra
( Abelmoschus esculentus L.) for Water Stress Tolerance. In: Ashraf, M., Oztirk, M.,
Ahmad, M.S.A and A. Aksoy. Crop Production for Agricultural Improvement. Springer,
Dordrecht Heidelberg, New York, London, 796.

http://dx.doi.org/ 10.1007/978-94-007-4116-4_8

Obidiegwu, J. E., Bryan, G. J., Jones, H.G., & Prashar, A. (2015). Coping with drought: stress
and adaptive responses in potato and perspectives for improvement. front. plant sci. 6:542.
http://dx.doi.org/ 10.3389/fpls.2015.00542

Raschke, K. (1975). Stomatal action. Annual review of plant physiology, 26: 309-340.
http://dx.doi.org/ 10.1146/annurev.pp.26.060175.001521

Roy, R. N., Finck, A., Blair, G. J., & Tandon, H. L. S. (2006). Plant nutrition for food security:
A guide for integrated nutrient management. Food and Agriculture Organisation of the United
Nations, Fertiliser and Nutrition Bulletin. Rome, Italy, 348.

SAS Institute Inc. (2011). The SAS system for Windows. SAS Institute Inc., Cary, NC, USA
Sawicka, B., Michalek, W. And P. Pszczolkowski. (2015). The relationship of potato tubers
chemical composition with selected physiological indicators. Zemdirbyste Agriculture, 102
(1), 41-50. http://dx.doi.org/10.13080/z-a.2015.102.005

Segal, E., Ben-Gal, A., and U.Shani. (2000). Water availability and yield response to
high-frequency micro-irrigation in sunflowers. In: Proceedings of the Sixth International
Micro-irrigation Congress on ‘Micro-irrigation Technology for Developing Agriculture’,
Conference Papers, 22—-27 October, South Africa.

Shpilyov, A. V., Vladislav, V. Z., Bernhard, G., & Lokstein, H. (2013). Chlorophyll a
phytylation is required for the stability of photosystems | and Il in the cyanobacterium
Synechocystis PCC 6803. The Plant J. 73:336-346. http://dx.doi.org/10.1111/tpj.12044.
Sinfield, J. V., Fagerman, D., & Colic, O. (2010). Evaluation of sensing technologies for on
the go detection of macro-nutrients in cultivated soils. Computers and Electronics in
Agriculture, 70, 1-18. http://dx.doi.org/10.1016/j.compag.2009.09.017

Stalham, M. A., & Allison, M. F. (2012). Improving water use efficiency through
understanding soil and plant water balance. Final Report, Reporting Period: 2008-2011, Ref:
R406. Report No: 2012/2. Potato Council, Agriculture & Horticulture Development Board,
Steleigh Park, Kenilworth, Warwickshire, UK, 155.

141 www.macrothink.org/jas


http://www.macrothink.org/jas
http://dx.doi.org/10.1046/j.1529-8817.2002.00094.x
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.13080/z-a.2015.102.005
http://dx.doi.org/10.1111/tpj.12044
http://dx.doi.org/
http://dx.doi.org/

H Journal of Agricultural Studies
A\\Mac.rolthl,:k ISSN 2166-0379
Institute 2016, Vol. 4, No. 1

Tabassum, D., Akhtar, A., & Inam, A. (2013). Effect of waste water irrigation on growth,
physiology, and yield of mustard. International Journal of Botany and Research, 3(1):27-34.
Thompson, A. J., King, J. A., Smith, K. A., & Don, H. T. (2007). Opportunities for reducing
water use in agriculture. Defra Research Project Final Report for WU0101.

Tremblay, N., Fallon, E., & Ziadi, N. (2011). Sensing of crop nitrogen status: Opportunities,
tools, limitations, and supporting information requirements. Hortic. Technol. 21:274-281.
http://horttech.ashspublications.org/content/21/3/274.full.pdf+html

Van Der Zaag, D. E. (1992). Potatoes and Their Cultivation in the Netherlands. Directorate
for Agricultural Research, NIVAA (Netherlands Potato Consultative Institute), Wageningen,
The Netherlands.

Van Der Zaag, P. (1981). Soil fertility requirements for potato production. Technical
information bulletin, No. 14. CIP, Lima, Peru.20.

Walingo, A. M., Lung’aho, C., Ng’ang’a, N., Kinyae, P. M., & Kabira, J. N. (2004). Potato
marketing, storage, processing and utilization in Kenya. In: Hanafi, A. (Ed.). Proceeding of
Sixth Triennial Congress of the African Potato Association held at Agadir Morocco from 5-10
April 2004.

Waraich, E. A., Amad, R., Ashraf, M. Y., Saifullah, M., & Ahmad, M. (2011). Improving
agricultural water use efficiency by nutrient management. Acta Agriculture Scandi — Soil &
Plant Science, 61(4), 291-304. http://dx.doi.orG/10.1080/09064710.2010.491954.

Yadav, S. P., Ibaraki, Y., & Gupta, S. D. (2010). Estimation of the chlorophyll content of
micropropagated potato plants using RGb based image analysis. Plant cell tiss. organ cult.
100:183-188. http://dx.doi.org/ 10.1007/s11240-009-9635-6.

Copyright Disclaimer

Copyright for this article is retained by the author(s), with first publication rights granted to
the journal.

This is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

142 www.macrothink.org/jas


http://www.macrothink.org/jas
https://www.researchgate.net/publication/291392024
http://horttech.ashspublications.org/content/21/3/274.full.pdf%2Bhtml
http://dx.doi.org/10.1080/09064710.2010.491954
http://dx.doi.org/
http://creativecommons.org/licenses/by/3.0/)

