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Abstract 
Nitrogen is an important nutrient since it has a positive effect growth of plants. Potatoes have low 
uptake efficiency of nitrogen which is due to the shallow root system thus nitrogen appropriate 
management is important.Critical nitrogen dilution models and chlorophyll meter can be used to 
manage nitrogen supply in potato crop. The aim of the study was to develop critical nitrogen 
dilution model for potatoes in Kenya as well as establish relationship between SPAD index and total 
shoot nitrogen. Two Field experimentswere conducted in a split plot design at the university of 
Nairobi farm using potato varieties Asante and Tigoni with three nitrogen fertilizer levels (45, 90, 
135 N kg/ha) and a control with no fertilizer application. The critical nitrogen dilution model 
established is Nc= 5.8W-0.16(r2=0.41)for variety Tigoni and Nc= 6.4W-0.18(0.50)for variety Asante 
with and respectively. A linear relationship between shoot nitrogen content and the SPAD index 
was established for the two seasons (r2 = 0.45 and 0.51.) 
 
Key words; Chlorophyll meter, Dilution curve, Potato yield, SPAD, Shoot growth, Nitrogen 
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1. Introduction 
Importance of Potato (Solanumtuberosum L.) in Kenyaas staple and cash crop for smallholder 
farmers is well documented (Ogola, et al., 2011). Despite all that the average yield levels are still 
very low about 6.7 ton/ha against a potential of 40 ton/ha. Several factors have been attributed for 
the low yields which include low or inappropriate application of inputs like clean seeds, fertilizers 
and control of the major potato diseases  (Kaguongo et al., 2008). Fertilizer application for potato 
among the small scale farmers has been low with only 10-15% of farmers using the recommended 
rates (Ogola et al, 2011) which may be due to the high cost of inorganic fertilizer and the 
unavailability of organic manure in good quantity this has led to the low levels of Nitrogen in potato 
field. 
Nitrogen is an important nutrient in crop production since it has a positive effect on chlorophyll 
concentration, photosynthetic rate, leaf expansion, total number of leaves, plant height and dry 
matter accumulation and higher yields of potato(Isreal et, al. 2012, Davis et al., 2009,Gathungu et 
al., 2000,Yassen et al., 2011).Excess soil N can delay maturity of the tubers, reduce tuber specific 
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gravity and result in poor skin set which harms the tuber quality and storage properties (Davis et al., 
2009,Yassen et al., 2011).Nitrogen fertilizer management is critical since potatoes have low uptake 
efficiency of nitrogen which is due to the shallow root system andnitrate leaching (Olivier, 2006). 
Several diagnostic methods can be used to determine nitrogen status in crops. One of these is the 
use of critical nitrogen dilution curve. 
Critical nitrogen concentrationis defined as the minimum concentration of nitrogen necessary to 
achieve maximum above ground biomass, at any moment of vegetative growth was developed by 
Lemaire and Salette (1984) to help in managing nitrogen fertilizer management. Critical N 
concentration is represented by power equation 
   =           (1) 
where W is the total shoot biomass expressed in grams per plant, Nc is the total N concentration in 
shoot biomass expressed as a percentage of the shoot dry matter, and a and b are estimated 
parameters. a represents the N concentration in the total shoot biomass for 1g DM/plant, and the 
parameter b represents the coefficient of dilution describing the relationship between N 
concentration and shoot biomass. Critical nitrogen dilution models for potatoes have been 
established in other area and for different varieties. The models include Nc = 4.57W-0.42for Russet 
Burbank variety and Nc = 5.04W-0.42for Shepody variety in cananda (Belanger et al., 2001), Nc = 
3.6W-0.37 for potato cultivar Asterix (Andriolo et al., 2006).  
The chlorophyll meter is leaf clip-on device that determines theindex of greenness present in plant 
leaves and thus has been used in nitrogen management.The readings must be calibrated for varieties 
and other environmental factors in order to be useful, this is due to varietal differences, age of the 
leaves and environmental differences (Lloyd, 1997).  Chlorophyll meter measurements have been 
correlated with the NNI of various crops (Nicolas et al., 2011, Lorene and Jeuffroy, 2007).  
The objectives of this experiment were; (1) to establish the critical nitrogen curve for Asante and 
Tigoni potato varieties in Kenya. (2) To establish the relationship between SPAD index and the 
total nitrogen in the shoot of the potato. 
 

2. Materials and Methods 
2.1  Experimental site 
The experiment was conducted at university of Nairobi farm in Kabete with an altitude of 1737 m 
above sea level during the long rain 2012 (LR2012) and short rain 2012 (SR2012). The soil type is 
well-drained, very deep dark reddish, brown to dark red, friable clay classified as a Humic Nitisol 
according to the soil map of the world and known locally as the Kikuyu Red Clay Loam. The 
rainfall in the region is bimodal with the long rains (LR) in March to July and short rains (SR) in 
October to December 
 
2.2 Treatments and experimental design 
Clean potato seed of medium size (50g) of varieties Tigoni and Asante were sourced from 
international potato centerin Nairobi.Compound fertilizer N.P.K 17:17:17 at four levels (0, 45, 90, 
135 Kg N/ha) was applied at planting.A split plot design was used with varietiesbeing the sub plot 
while the fertilizer levelsin the main plot. The experiment was replicated four times.  
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2.3 Crop management 
After initial soil sampling, ploughing and harrowing was done then plotsof 4.5m by 4m werelaid. 
Fallowsof approximately 10cm deep were dug with a spacing of 75cm between. Fertilizer was then 
applied in the fallow and mixed thoroughly with the soil. The sprouted potatoes were planted with a 
spacing of 30cm between tubers. The crop was grown under rain fed conditions. Weedingand 
hilling was also done twice. Preventive and curative fungicides were sprayed five times each season 
to prevent and control late blight.   
 
2.4 Data collection 
Destructive sampling in which whole plant was uprootedand then underground part separated from 
the above ground parts at 33, 47 and71  days after planting (DAP) during the long rains 2012 
LR2012 and at 32, 45, and 69 DAP in the SR2012. Fresh weight of the two parts was weighed in 
the field using a digital weighting scale. The samples were oven dried at 650c for 72 hours. The 
nitrogen concentration was determined using the kjeldahlprocedures (Jackson, 1956).  
Sequential harvesting was done at 84, 98, and 111 DAP during LR2012 and 69, 84, and 98 DAP 
inSR2012. Sequential harvesting involved the harvesting of tubers in one entire row.Fresh weight 
was weighed in the field and tuber samples and shoot samples were collected for oven drying. The 
tubers were dried for around 96 hours in the oven. The dry weight was then weighed in the 
laboratory using a digital weighing balance. The remaining three rows were harvested at 126 and 
114 DAP during LR2012 and SR2012 respectively.  
The chlorophyll content index was measured using Minolta SPAD meter at 33, 47and 71 DAP 
inLR2012 and at 32, 45 and 69 DAP in SR2012. The measurement was taken in the morning hour 
at around 10 O’clock on the fourth fully expanded leaf.  
 
2.5 Data analysis 
Above ground dry weight, Percent shoot nitrogen, SPAD readings and the sequential harvest 
datawas analyzed for the variance in the split plot designusing Genstat 13 edition and used to 
determine the optimum fertilizer level. Bonferoni was used to separate the means.The power 
equation(1) was regressed using Statistical Analysis System(SAS)9.1.3 portable software. The 
model was fitted for each of the fertilizer level and varieties separately. 95 percent confidence limits 
were used to determine the validity of the model with those including zero being rejected.The curve 
corresponding to optimum yield was selected as the critical nitrogen curve. Regression analysis was 
also done to establish the relationship between total nitrogen in the plant and the SPAD reading in 
which a linear model was fitted.  
 

3. Results 
3.1 Critical nitrogen dilution model for Variety Tigoni 
The results of LR2012 seasonshowed that the models at each fertilizer were significant after non 
linear regressions (power equation 1), however some of the models had zero within their 95% 
confidence limits for a and (-b).The model of Nc= 5.87W-0.1 was achieved at recommended fertilizer 
rate of 90 kg N ha-1. The model had confidence limits of 5.03 to 6.7 for parameter (a) and -0.15 to -
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0.06 for parameter (-b) (Figure 1a).During the SR2012 all models did not contain zero within their 
95% confidence limits. The model at the recommended nitrogen fertilizer rate was Nt= 6.39W-0.21. 
The confidence limits were 3.78 to 9.0 for parameter (a) and -0.36 to -0.06 for parameter (-b) 
(Figure 1b).During theLR2012most of the points for control were below the curve while those of 
135N are above the curve. This is clearer early in the season.These trend was repeated more clearly 
in the SR2012.  However the points at the 45 Kg N/ha are interacting with those of 90 Kg N Ha-

1.The model estimates for the recommended fertilizer rate after combining the data for the two 
seasonswasNc= 5.8W-0.16. 
 
Variety Asante;The results of non linear regression for nitrogen content and the shoot dry weight 
during LR2012and SR2012were significant and did not include zero within their confidence limits 
at 95%. The model at the recommended fertilizer rate of nitrogen in Kenya during LR2012 was Nc= 
9.51W-0.26 and in the SR2012 was Nc= 6.29W-0.20. 
During LR2012 the dilution curve for variety asante indicate majority of the points were below the 
curve at the recommended fertilizer rate (figure 2a).DuringSR2012 the dilution model indicated that 
the points for the control were below the curve and those of 135 Kg Nha-1 fertilizer level were 
above the curve (figure 2b).The model estimates for the recommended fertilizer rate after 
combining the data for the two seasonswas Nc= 6.4W-0.18. 
 
3.2 Relationship between SPAD index and total nitrogen 
Linear regression between the SPAD readings and percentshoot nitrogenin LR2012models were 
SPAD index = 5.03(%N) + 21.68 with r2 of 0.49 and SPAD index = 5.0(%N) + 21.79 with r2 of 
0.53 for variety Asante and Tigoni respectively. The models in SR2012 were SPAD index = 4.3(% 
N) +20.59 and SPAD index = 4.56(% N) +23.85 with r2 of respectively. The probability value for 
all the regressions were <0.001(figure 3). 
 

4. Discussions  

The dilution of the shoot nitrogen concentration with the increase in shoot dry weight occurred 
during the two seasons. The models in the LR2012 season were quite different (Nc= 5.9W-0.10 and 
Nc= 9.5W-0.26 for variety Tigoni and Asante respectively)while in the SR2012 seasons they were 
more consistent(Nc= 6.4W-0.21 and Nc= 6.3W-0.20 for variety Asante and Tigoni respectively). 
Combining the data for the two seasons dilution model of Nc= 5.8W-0.16 for variety Tigoni and Nc= 
6.4W-0.18 for variety Asante with R2 of 0.41 and 0.50 respectively was reported in this study. Other 
potato dilution models have previously been developed in other countries and with other 
varieties.Belanger et al., 2001 reported models of Nc = 4.57W-0.42 for Russet Burbank variety and Nc 
= 5.04W-0.42 of Shepody variety in cananda, a model of Nc = 3.6W-0.37 for potato cultivar Asterix 
has also been reported by Andriolo et al., 2006. In Argentina, Giletto and Echeverría, 2012 reported 
a model of Nc = 5.3W-0.42 for cultivar innovator. Differences have been observed in the models from 
different countries, these differences could be due to the variety differences and also due to the 
regional ecological differences. 
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The correlation between nitrogen content and the SPAD index showed a positive relationship with 
correlation coefficient (r) of 0.58 and 0.75 for the two seasons. These results relates  with those 
reported by Ian and Grady, 2000 who reported a positive correlation with correlation coefficient (r) 
of 0.71 on St Augustine grass.  Increase in SPAD readings in potato leaves with increase in N rate 
were also reported by other authors (Camilo et al., 2010, Gil et al., 2002).  The relationship had a 
low corresponding r2 of 0.45 in LR2012 and 0.51 in SR2012. Similarly lower r2 of between 0.32-
0.53 and 0.26-0.42 has been observed on Benjamin fig and cotton wood respectively by Felix et al., 
2002. 
 

5. Conclusion 
Nitrogen is an important nutrient as it has a positive influence on the shoot dry weight and the 
yields. Applying nitrogen at the rate of 90 Kg N/ha gives optimum shoot dry weight and potato 
yields.  
The model developed for Tigoni was Nc= 5.8W-0.16while Asante was Nc= 6.4W-0.18comparing these 
from models developed for other varieties in other area it can be concluded that critical nitrogen 
dilution models for potato may differ in terms of variety and the region.  
The result from the study has shown a linear relationship between SPAD index and the total shoot 
nitrogen in potato indicating that SPAD meter can be used to predict the nitrogen levels on potato 
plant. Therefore it can be used in better fertilizer management in potato production systems. 
 
 
 

6. References 
Adrijana M., Milan, P., Ana, S. Zrinka, K. and Tea, H. (2008). Efficiency of use of chlorophyll 

meter and cardy-ion meter in potato nitrogen nutrition supply, alps adria scientific workshop 
Andriolo, J. L., Bisognin, D. A., Paula, A. L., Paula, F., Luiza, M., Godoi, R. S. and Barros, G. T. 

(2006). Curva crítica de diluição de nitrogênio da cultivar Asterix de batata. Pesquisa 
Agropecuária Brasileira, 41(7), 1179-1184. Retrieved February 02, 2013, from 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-
204X2006000700015&lng=en&tlng=10.1590/S0100-04X2006000700015 

Belanger, G., Walsh, J. R., Richards, J. E., Milburn, P. H. and Ziadi, N. (2001). Critical nitrogen 
curve and nitrogen nutrition index for potato in eastern Canada. American Journal for 
Potato Research 78, 355–364. 

Camilo, B., Paulo, C. Rezende, F., Heder, B. and Paulo R. C. (2010). Seasonal variation and 
threshold values for chlorophyll meter readings on leaves of potato cultivars, Journal of 
Plant Nutrition, 33:14, 2148-2156  

Davis J.D., Davidson, R.D.  and Essah, S.Y.C. (2009). Fertilizing Potatoes (Fact sheet). Retrieved 
fromhttp://www.ext.colostate.edu/pubs/crops/00541.html 

Felix C. L., Jason, C. G. and Nina, L. B. (2002). Using the SPAD 502 Meter to asses Chlorophyll 
and nitrogen content of Benjamin fig and cottonwood leaves. HortTechnology 12(4), 682-
686 



ISSN: 2201-6333 (Print) ISSN: 2201-6740 (Online)                                                     www.ijern.com 
 

6 
 

Fischer, T., Neil, T., John, A., Lyne, M., Michael, R., Andrew, B. and David, L. (2004). New 
directions for a diverse planet: Proceedings for the 4th International Crop Science Congress, 
Brisbane, Australia, 26 September – 1 October 2004.  

Gathungu, G.K., Shibairo, S.I,. Githiri, S.M., Mburu, M.W.K,. Ojiambo, P.S. and Kidanemariam, 
H.M. (2000). Effect of source, time and method of nitrogen application on growth and yield 
components of potato in kenya, African Crop Science Journal 8(4), 387-402 

Giletto, C. M. and Echeverría, H. E. (2012). Critical Nitrogen Dilution Curve for Processing Potato 
in Argentinean Humid Pampas. American Journal of Potato Research 89(2), 102-110. 
Retrieved from. http://dx.doi.org/10.1007/s12230-011-9226-z 

Ian R. R. and Grady, L. M. (2000). Using a Chlorophyll Meter to Determine the Chlorophyll 
Concentration, Nitrogen Concentration, and Visual Quality of St. Augustine grass, 
hortscience35(4), 751–754. 

Israel, Z., Ali, M. and Solomon, T. (2012). Effect of Different Rates of Nitrogen and Phosphorus on 
Yield and Yield Components of Potato (Solanum tuberosum L.) at Masha District, South 
western Ethiopia. International Journal of Soil Science 7, 146-156. 

Jackson, M. L (1956), Soil Chemical Analysis, Prentice-Hall, Inc.  
Kaguongo, W., Gildemacher, P., Demo, P.,  Wagoire, W.,  Kinyae, P., Andrade, J.,  Forbes, G.,  

Fuglie, K.  and Thiele, G.  (2008). Farmer practices and adoption of improved potato 
varieties in Kenya and Uganda. International Potato center (CIP), Lima, Peru. Social 
Sciences Working Paper 2008-5. 85 p 

Lemaire,G.andSalette,J.(1984)Relationbetweengrowth dynamics andnitrogendynamicslevyfora 
standof grassforage.1.Study of the effectof the medium.[Relationship between 
herbagegrowthandNuptakein apurestand.I.- Environmentaleffects.] Agronomy  4, 423-430. 

Lloyd, M., Scott, J., Chris, B., Phillip, N., John, J. and Paula H. (1997). Using a Chlorophyll Meter 
to Make Nitrogen Recommendations on Wheat, University of Kentucky Cooperative 
Extension Service. 

Lorene, P. and Jeuffroy, M.H. (2007). Replacing the nitrogen nutrition index by the chlorophyll 
meter to assess wheat N status. Agronomy for Sustainable Devevelopment. 27 (4), 321-330 

Muthoni, J. and Kabira, J. N. (2011). Effects of different sources of nitrogen on potato Tigoni 
Kenya. Journal of Soil Science, 2. 167-174. 

Najm, A., Haj Seyed Hadi, M. R.,  Fazeli, F.,  Taghi Darzi, M.,  and 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. International Journal of 
Agricultural and Biological Sciences 1:1  

Nicolas, T.,Edith, F. and Noura, Z. (2011). Sensing of Crop Nitrogen Status: Opportunities, Tools, 
Limitations, and Supporting Information Requirements. HortTechnology21(3)274-281. 

Ogola, J. B. O., Milton, W. A., Apollo, O. O., and Fredah, W. K. (2011). Analysis of fertiliser use 
in potato production in Nakuru district, Kenya. African Journal of Agricultural Research 
6(16), 3672-3677, 

Olivier, M., Goffart, J. P., Ledent, and Jean, F. (2006). Threshold Value for Chlorophyll Meter as 
Decision Tool for Nitrogen Management of Potato, agronomy journal, 496–506 



International Journal of Education and Research                                   Vol. 1 No. 9 September 2013 
 

7 
 

Peter, D., and Gary, C. (2009). Crop Nutrition for Potatoes. Retrieved from 
www.nutrientmanagement.org/.../PCL-Crop-nutrition-for-potatoes 

Powon M.P., Aguyoh J.N., and Mwaja. A V. (2006). Growth and tuber yield of potato (solanum 
tuberosum l.) under different levels of phosphorus and farm yard manure. agriculturatropica 
et subtropica 39(3) 

Puiu, I, Olteanu, G. Morar, G.  and Maria I. (2012). Monitoring the vegetation status of potato, 
agricultura ştiinţă şi practică  1(2), 81-82 

Rodrigues M.A., Coutinho, J.,  Martins, F.  and Arrobas, M.  (2005), Quantitative side dress 
nitrogen recommendations for potatoes based upon crop nutritional indices, European 
Journal of Agronomy 23, (1), 79-88, ISSN 1161-0301, 10.1016/j.eja.2004.10.001. 
http://www.sciencedirect.com/science/article/pii/S1161030104000917 

Van-Oosterom, E.J., Carberry, P.S.  and Muchow, R.C. (2001). Critical and minimum N contents 
for development and growth of grain sorghum. Field Crops Research.70, 55–73. 

Wenjun L., Ping H. and Jiyun J. (2012). Critical nitrogen curve and nitrogen dilution index for 
spring maize in north east China, journal of Plant Nutrition, 35(11), 1747-1761 

Yassen, A.A., Safia, M.A. and Sahar, M. Z. (2011). Impact of Nitrogen Fertilizer and Foliar Spray 
of Selenium on Growth, Yield and Chemical Constituents of Potato plants, Australian 
Journal of Basic and Applied Sciences, 5(11), 1296-1303,    

 

  

(a) Long rains 2012 (b) short rains 2012 
Figure 1. Potato nitrogen dilution models for variety Tigoni in LR2012 and SR2012 
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(a) Long rains 2012, (b) short rains 2012 

Figure 2. Potato nitrogen dilution models for variety Asante in the LR2012 and SR2012 
 

  
Figure 3; scatter plot of SPAD index against % shoot nitrogen in LR2012 and SR2012 
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