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ABSTRACT 

 
To study the influence of nitrogen sources and potassium levels on growth, yield and 

chemical constituents of lettuce plants, cv. Balady, two experiments were conducted at 

Experimental Farm of Barramoon, Dakahlia Governorate during the winter  seasons of 1999/2000 

and 2000/2001. twelve treatments representing all possible combinations of three N sources (Urea, 

ammonium nitrate and ammonium sulphate) and four K doses (0, 20, 40 and 60 kg K2O  / fed.) 

were used in split plots design with four replicates. 

The obtained results can be summarized as follows:- 

 

Vegetative growth and yield: 

1. Effect of N-sources: 

Urea followed by ammonium nitrate were significantly increased growth and yield 

parameters (plant height, No. of outer and inner leaves, fresh and dry weight of outer and inner 

leaves, fresh weight / plant and total yield, ton/fed.) with no considerable differences among them 

in most cases. Ammonium sulphate was of the significant least effect. 

 

2. Effect of K levels: 

Increasing K-levels from 0 up to 60 kg K2O/fed. considerably increased all the studied 

growth and yield parameters, 60 kg K2O level was the most superior one. 

 

3. Effect of interaction: 

Interaction significantly affected growth and yield of lettuce plant, NH4NO3  x 60 kg 

K2O/fed followed by urea x 60 kg K2O/fed were the most superior treatments in their effect with 

no significant differences among them in most cases. K level (0 K2O/fed) x all N-sources used 

were the treatments of the significant least effect. 

 

Chemical constituents 

1. Effect of N-sources: 

Both urea and ammonium nitrate were significantly improved N, P and K content of 

lettuce plant relative to ammonium sulphate with no considerable differences among them in most 

cases in the two seasons of study. On the other hand, urea was of the least NO3 content in their 

plant leaves. Ammonium nitrate was of the significant highest NO3 content in both seasons. 

 

2. Effect of K-levels: 

N, P and K content considerably increased along with increasing the supplied K from 0 up 

to 60 Kg K2O/fed. NO3 accumulation was increased with increasing K from 0 to 40 kg K2O/fed, 

then decreased at 60 kg level. 

 

3. Effect of interaction: 

K 0 level with all N-sources were the treatments of the lowest N, P, K and NO3 content 

relative to other treatments. NO3NH4 and urea x 60 kg K2O/fed were the treatment of the highest 

N, P and K, meanwhile, urea x 60 Kg K2O was of low NO3 content. 
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Finally, it could be concluded that ammonium nitrate and/or urea each with 60 kg K2O/fed 

were the best treatments for maximizing the growth and yield of lettuce plant. Urea with 60 kg 

K2O/fed was the treatment of best yield and low NO3 content of leaves. So, it concluded as best 

treatment on basis of yield and NO3 safety level  for human nutrition. 

 

INTRODUCTION 

 
Lettuce (Lactuca sativa L.) is one of the most important leafy vegetables of a high 

nutritional value (Vitamin A, B1, B2 and C), as well as calcium and iron. Nitrogen 

represents an important element in leafy plants fertilization. There are several N fertilizer 

sources could be used but each vegetable crop favourate certain N source for the best 

growth, yield and quality. Numerous researchers carried out various experiments to show 

the effect of nitrogen source on vegetative growth of leafy vegetables. Farrag and Abd 

El-Aal (1989) reported that the maximum yield of spinach was obtained when urea was 

applied to soil at 200 kg N/fed. 

Kheir et al. (1991) showed that the highest yield of spinach and lettuce was 

obtained by 25 kg N/fed from ammonium nitrate or urea. 

On the other hand, Shafshak (1987) found that ammonium sulphate produced the 

highest fresh and dry weight of spinach leaves followed by calcium nitrate, ammonium 

sulphate also increased number of spinach leaves / plant as compared with calcium 

nitrate. 

Mills et al. (1979) reported that spinach plants fertilized with NO3-N was larger 

than these received NH4-N. Hartman (1982) found that nitrogen applied as calcium 

nitrate gave a higher spinach yield than N as (NH4)2SO4 (ammonium sulphate). 

Gardner and Pew (1979) on lettuce reported that nitrogen source (ammonium 

sulphate and ammonium nitrate) did not affect total NO3 accumulation. Likewise, Castro 

and Farrag (1998), on lettuce found that leaf NO3 accumulation was not affected by N 

source (ammonium nitrate and urea). Arce et al. (1996) on lettuce indicated that 

application of ammonium nitrate resulted in significant higher leaf NO3 concentration 

than application a manure or urea. Shafshak and Abo-Sedra (1990) also found that nitrate 

concentration of lettuce leaves was more with ammonium nitrate than calcium nitrate and 

the lowest level of nitrate accumulation was in plants received ammonium sulphate. 

Many researchers have reported that increasing potassium fertilization rates 

increased vegetative growth and yield of some vegetable crops (El-Gazzar et al., 1990 

and El-Sawy et al., 2000b). In addition, nitrate accumulation within plant tissues found to 

be affected by K levels and nitrate reductase activity (Maynard et al., 1976 and El-Sawy 

et al., 2000a). 

This research was conducted to study the effect of N sources (urea, 46% N, 

ammonium sulphate, 21.5% N and ammonium nitrate, 33.5% N), different K levels and 

their combinations on lettuce vegetative growth, yield and chemical composition. 

MATERIALS AND METHODS 
 

 Two field experiments were conducted at Baramoon Experimental Farm, 

Dakahlia Governorate during the winter seasons of 1999/2000 and 2000/2001 on lettuce 

cv. Balady to evaluate the effect of nitrogen sources and potassium levels on growth, 

yield and chemical constituents of lettuce. 
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The experiment includes three nitrogen sources (ammonium sulphate, (NH4)2SO4, 

ammonium nitrate, NH4NO3 and urea Co(NH2)2), and 4 levels of potassium (from 

K2SO4, 48%), 0, 20, 40 and 60 kg K2O/fed. The experimental design was split-plot with 

three replicates. N-sources in main and K levels were in sub-plot. The area of each plot 

was 9.6 m2 and consisted of four ridges 4 m long and 0.6 m width. Lettuce seedlings of 

40 days-old were transplanted on both sides of the ridges 10 cm apart on the first week of 

December on both seasons. 

Plants were fertilized with 60 kg N/fed from each N-source and  200 kg/fed 

calcium superphosphate. All fertilizers N and K were added after 21 and 35 days from 

transplanting in two equal doses. The usual agricultural practices were done as usually 

followed in the commercial lettuce production. The lettuce plant were harvested 75 days 

after transplanting. Each sub-plot was harvested for recording fresh yield (ton/fed). Five 

lettuce plants were taken randomly from each sub-plot in which plant height, No. of 

leaves (Outer and inner), fresh and dry weight of outer and inner leaves (g/plant) and the 

whole fresh weight (g). 

Leaf samples taken for N and K determination. Those were digested with 

sulphuric - perchloric acids mixture. Nitrogen was estimated by microkjeldahl method 

(Pipper, 1997). Phosphorus was estimated colourimetrically (King, 1951). Potassium was 

estimated using flame photometer (Jackson, 1967). NO3 was estimated as ppm in dry 

weight according to Cataldo et al. (1975). 

All data were statistically analyzed using ANOVA test according to Snedecor and 

Cochran (1980). 

 

RESULTS AND DISCUSSION 
 

Vegetative growth and yield: 

Data in Tables (1 and 2) showed the effect of (NH4)2 SO4, NH4NO3 and Co(NH2)2 

on vegetative growth of lettuce plants. Such data revealed that urea followed by 

ammonium nitrate were significantly increased number, fresh and dry weight of outer and 

inner leaves, whole plant fresh weight and yield (ton/fed), while no considerable 

differences among them in most cases. The significant lowest growth and yield was of 

ammonium sulphate fertilizer at the two seasons. Similar results were obtained by Farag 

and Abd El-Aal (1989) on spinach and Kheir et al. (1991). 

The pronounced superiority of urea and/or ammonium nitrate as favorite sources 

of N dealing with their best effect on lettuce growth and yield could be expected under 

present work condition, since they were 



 4 



J. Agric. Sci. Mansoura Univ., 27(5), 

 5 



 6 

considerably improved mineral content of lettuce leaves, i.e. N, P and K (Tables 3 and 

4). Those which known to be closely associated with the main internal physiological and 

metabolical status of plant as chlorophyll, enzymes, amino acids, sugars, ATP, nucleic 

acid and etc. synthesis. 

In contrary (NH4)2 SO4 induce the least growth  and yield of lettuce plant, this 

could be due to its similar effect on the uptake and content of  minerals, i.e. N, P and K 

(Tables, 3 and 4). 

Both NO-
3 and NH+

4 can be taken up and metabolized by plants, NO3 is often a 

preferential source for growth and yield. Also, the undesirable effect of (NH4)2 SO4  

relative to the other N-sources might be due to that NH4-N rapidly depleted carbohydrate 

and carbon skeleton reserves of plant in amino acid, and protein assimilation. Such 

metabolical status resulted in free toxic NH3 and amides. NH3 (aq.) can be toxic because 

it can traverse cell membranes, uncoupling photophosphorylation at the membrane of the 

chloroplast  inhibits respiration and depress the absorption of K, Ca and other cations 

(Gibbs and Calo, 1959, Heber et al., 1974 and Vines and Wedding, 1990). 

As regard to K levels, data in Tables (1 and 2) revealed that increasing K levels 

from 0 to 60 kg K2O/fed significantly increased all vegetative parameters and yield at the 

two seasons of study. Similar results were obtained by El-Sowy et al. (2000b). 

The beneficial effect of increasing K levels on growth and yield of lettuce plants 

could be due to its stimulatory effect on the uptake of N, P and K (Tables 3 and 4). Also 

K known to be stimulated CO2 assimilation (Peoples and Koch, 1979), and enhances the 

translocation of photosynthesis (carbohydrates and proteins, Koch and Mengel, 1977 and 

Secer, 1978). K also stimulated ATP synthesis (Hartt, 1972) thereby indirectly promote 

the synthesis of various organic compounds, such as proteins, sugar and polysaccharides. 

Herein, it must be focus on the beneficial effect of K at the highest level (60 kg 

K2O/fed) on the accumulation of dry matter of outer and inner leaves, plant weight and 

total yield (ton/fed) relative to other K levels. Meanwhile, this effect was accompanied 

with pronounced reduction in NO3 content of leaves. NO-
3 translocated upwards in xylem 

sap along with K+ ions  originally acting as the counter ions for the downward movement 

of malate. Otherwise K+ ions affect NO-
3 uptake, translocation and assimilation (Kirkby 

and Armstrong, 1980). 

Generally, reducing of NO3 content specially in leafy crops along with high yield 

considered as best establishment associated with safety and healthy nutrition of human. 

So, it could be concluded with fertilizing lettuce plants with the highest K level 

(60 kg K2O/fed) for the highest yield and quality (low NO3 content). 

Concerning interaction between N-sources and K-levels, data in Tables (1 and 2) 

show that  all vegetative parameters and yield of lettuce plants were significantly affected 

by interaction in both seasons of study. NH4NO3 x 60 K2O/fed followed by urea x 60 kg 

K2O/fed were the most superior treatments in their effect with no significant differences 

among them in most cases. K-level (0 K2O/fed) x all N-sources used were the treatments 

of the significant least effect. 

It was known that NO-
3 and K+ ions absorbed together as a complelementry ions. 

On the other hand, K+ and NH+
4 had an antagonistic and competitive effect among them 

on root absorption sites. In addition, the applied N is only fully utilized for crop 

production when K supply is adequate (Heathcote, 1972). 

 

Chemical constituents:  
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Data in Tables (3 and 4) indicated that fertilization lettuce plant with NH4NO3 

significantly increased N% and NO-
3 accumulation in leaves compared with urea and 

(NH4)2 SO4 in both seasons of study. Similar results were obtained by Shafshak and Abo-

Sedra (1990). The lowest N content and NO3 accumulation were found in plants supplied 

with ammonium sulphate. Some data indicated that P and K content were significantly 

increased by urea source relative to others. Similar results were obtained by Shafshak 

(1987), who reported that, the highest  P and K content were found in spinach leaves 

fertilized with urea. 

 

Table 3. Chemical constituents in lettuce leaves as affected by N-sources, K-levels 

and their interaction during the winter season (1999/2000). 

Characters 

Treatments 

N  

(%)  

P 

(%) 

K 

(%) 

NO3 

(ppm) 

N-sources (A): 

    (NH4)2 SO4 

    NH4 NO3 

    Co (NH2)2 

 

3.12 

3.23 

3.17 

 

0.59 

0.63 

0.67 

 

5.24 

5.25 

5.46 

 

197.57 

201.23 

193.39 

LSD at 5% 0.04 0.03 0.08 0.86 

K2 Levels (Kg/fed) (B): 

     0 

    20 

    40 

    60 

 

2.85 

3.17 

3.58 

3.11 

 

0.43 

0.47 

0.65 

0.97 

 

4.10 

4.72 

5.77 

6.67 

 

159.46 

204.25 

214.91 

210.37 

LSD at 5% 0.02 0.03 0.05 2.08 

Interaction (A x B): 

 (NH4)2 SO4      0 

                       20 

                       40 

                       60 

(NH4 NO3        0 

                      20 

                      40 

                      60 

(Co(NH2)2       0 

                      20 

                      40 

                      60 

 

2.81 

3.04 

3.47 

3.17 

2.95 

3.25 

3.66 

3.05 

2.78 

3.20 

3.60 

3.12 

 

0.42 

0.45 

0.64 

0.87 

0.40 

0.47 

0.68 

0.96 

0.46 

0.48 

0.64 

1.09 

 

4.16 

4.69 

5.88 

6.22 

4.11 

4.58 

5.59 

6.72 

4.04 

4.87 

5.85 

7.08 

 

156.80 

203.20 

217.31 

212.95 

166.79 

207.36 

217.13 

213.64 

154.79 

204.00 

210.28 

204.51 

LSD at 5% 0.04 0.05 0.09 3.65 

 

Table 4. Chemical constituents in lettuce leaves as affected by N-sources, K-levels 

and their interaction during the winter season (2000/2001). 

Characters 

Treatments 

N  

(%)  

P 

(%) 

K 

(%) 

NO3 

(ppm) 

N-sources (A): 

    (NH4)2 SO4 

    NH4 NO3 

    Co (NH2)2 

 

3.08 

3.21 

3.16 

 

0.58 

0.61 

0.66 

 

5.09 

5.17 

5.42 

 

196.44 

199.76 

192.53 

LSD at 5% 0.06 0.02 0.09 0.83 

K2 Levels (Kg/fed) (B):     
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     0 

    20 

    40 

    60 

2.82 

3.15 

3.52 

3.11 

0.42 

0.47 

0.64 

0.94 

4.06 

4.63 

5.60 

6.62 

158.02 

203.88 

213.65 

209.42 

LSD at 5% 0.06 0.03 0.04 2.00 

Interaction (A x B): 

 (NH4)2 SO4      0 

                       20 

                       40 

                       60 

(NH4 NO3        0 

                      20 

                      40 

                      60 

(Co(NH2)2       0 

                      20 

                      40 

                      60 

 

2.75 

3.06 

3.36 

3.14 

2.95 

3.21 

3.62 

3.06 

2.77 

3.17 

3.57 

3.12 

 

0.40 

0.44 

0.63 

0.84 

0.40 

0.46 

0.66 

0.92 

0.45 

0.50 

0.63 

1.07 

 

4.10 

4.51 

5.59 

6.14 

4.03 

4.56 

5.48 

6.62 

4.04 

4.80 

5.74 

7.08 

 

155.73 

202.01 

216.01 

212.01 

164.75 

206.42 

215.72 

212.15 

153.56 

203.22 

209.23 

204.10 

LSD at 5% 0.09 0.05 0.07 3.47 

 

As regard to K levels, data in Tables (3 and 4) indicated that fertilization lettuce 

plants with K significantly increased N, P, K and NO3 content of lettuce leaves compared 

with unfertilized plants. 

Increasing K level from 20 upto 60 kg K2O/fed significantly increased P, and K 

content. The highest values of N and NO-
3 were found in plants of 40 kg K2O/fed 

treatment. Similar results were obtained by El-Sawy et al. (2000a), on potato. 

Concerning interaction between N-sources and K levels, data in Tables (3 and 4) 

show that N, P, K and NO-
3 contents were significantly affected by interaction in both 

seasons of study. Fertilization lettuce plants with NH4NO3 and 40 kg K2O/fed gave the 

highest values of N and NO-
3 content, whereas plants supplied with NH4NO3 and 60 kg 

K2O/fed gave the highest values of P and K contents. The lowest values of N, P, K and 

NO3 were obtained from plants fertilized with ammonium sulphate and 0 K2O/fed in both 

seasons of study. 

Finally, it could be concluded that ammonium nitrate and/or urea each with 60 kg 

K2O/fed were the best treatments for maximizing the growth and yield of lettuce plant. 

Urea with 60 kg K2O/fed was the treatment of best yield and low NO3 content of leaves. 

So, it concluded as best treatment on basis of yield and NO3 safety level for human 

nutrition. 
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ض مص در  لنتر رينيو يمو رت دل لنرو ايب لنستتدل   لم   لنااص تد يلن  تر  تأثير بع 

 0يترلكم لنتررلل ف  أي لق لنخس
 مااب لنوعيب أبت لنتصر

 0لنقدهر  -عهب باتث لنسودنيو م -مركز لنساتث لنز للية 

 وقفظتتل  -أجريتتت ربرانتتقل تان نتتقل احوثتتل اوتتن  المنتتقر ) اقلحموتتن    المرا تتنل   

م ،  2000/  1999 ووتتنا ال تتل  الوتتمد المنتتد   أممتتقز  نةتتح  ال  اىتتل الدقهن تتل ىنتت  

زوت أ %21.5م وذلك لد اةل رأم ر صن  المنروج ) الح ننفل  ةنفقت المشقد   2001/  2000

أ  2ان %48وكذلك الننح د المنرقة   0أزوت  %46أزوت وال ن يق  %33.5وننرات الأ نن نم 

أمر ذلك وأ لنفدال ود اةل النفقىل  ا مهحق 2كبم ان 60،  04،  20وذلك اأ اع  نننيقت  صفر ، 

 0ىن   وونا ال ل والنرك ب الك حقو  للأو اق

 ي اكو تمخيص أهم لنتردئج كدلآت :

د  الننتتتتح د اقل ن يتتتتق ةلتتتت  زيتتتتقد  المحتتتتن ال  تتتتر  ألنتا    ت لنخو    رو يلنااص    تد: -1

ط لتنا الممتقت وىتدد الأو اق ا ةت  لداصن تل وال ق ج تل و ننوالحوونا زيقد   عمنيتل وصونصتق

 يتتق التتنزل البتتقو لتتلأو اق والحووتتنا اتتقلث) لنفتتدال ، ولتتم رنجتتد ةصنافتتقت  عمنيتتل اتت ) ال ن

الثتقز   والمنرات ف  ىدد الأو اق الداصن ل وال ق ج تل و ننةت  وزل الأو اق الداصن تل والتنزل

 0  ر نا والمحن الأد  الننح د اننفقت الأ نن نم ةل  الوونا ىن  أقل ق م لنحوو 0لنممقت

 ق ج تتل أ ةلتت  زيتقد  لتتنا الممتقت وىتتدد الأو اق الداصن تل وال2كبتتم اتن 40أد  الننتح د ات  

قد  التنزل أ ةلت  زيت2كبم ان 60و ننة  وزل الأو اق الداصن ل وال ق ج ل ، ا محق أد  الننح د ا  

 0البقو للأو اق وكذلك  ننة  وزل الممقت والحوونا لنفدال

د امنترات النفقىل ا ) صن  المنروج ) و نتننيقت المنرقةت نم ، أد  الننتح اقلمنمل لد اةل 

 ج تتل أ/ فتتدال ةلتت  زيتتقد  لتتنا الممتتقت وىتتدد الأو اق الداصن تتل وال ق2كبتتم اتتن 40الأ نن تتنم و 

ات و ننةتتت  وزل الأو اق  ال ق ج تتتل والتتتنزل البتتتقو لتتتلأو اق ال ق ج تتتل ا محتتتق الننتتتح د امنتتتر

بتتقو فتتدال أد  ل يتتقد   ننةتت  وزل الأو اق الداصن تتل والتتنزل الأ لن2كبتتم اتتن 60الأ نن تتنم و 

 0للأو اق ال ق ج ل والنزل الثقز  لنممقت كحق أد  ةل  زيقد  وزل الحوونا

 

 لناارتو لنكياديو: -2

ت فتت  أد  الننتتح د امنتترات الأ نن تتنم ةلتت  زيتتقد   ونتتن  الأو اق  تت) المنتتروج ) والمنتترا

 الفنةتتفن يتتق أد  ةلتت  زيتتقد   ونتتن  الأو اق  تت) المنرقةتت نم وأو اق ال تتل ا محتتق الننتتح د اقل ن 

 0وذلك ف  كا الحنةح )
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المنترات أ  لنفتدال ةلت  زيتقد   ونتن  الأو اق  ت) المنتروج ) و2كبم ان 40أد  الننح د ا  

 0لمنرقة نمأ لنفدال ةل  زيقد   ونن  الأو اق  ) الفنةفن  وا2كبم ان 60ا محق أد  الننح د ا  

ل تتل اننفقىتتل اتت ) صتتن  المنتتروج ) و نتتننيقت المنرقةتت نم ، أد  رنتتح د نمقرتتقت اقلمنتتمل ل

ج ) أ لنفتتدال ةلتت  زيتتقد   ونتتن  الأو اق  تت) المنتترو2كبتتم اتتن 40امنتترات الأ نن تتنم والحنتتنن  

   ونتتن  أ لنفتتدال ةلتت  زيتتقد2كبتتم اتتن 60والمنتترات ، ا محتتق الننتتح د امنتترات الأ نن تتنم والحنتتنن  

 0والمنرقة نم الأو اق  ) الفنةفن 

كبتم  60كبم أزوت لنفدال   ع ةتنفقت المنرقةت نم   60رنص  الد اةل اإةن دام ال ن يق  

أ  كأف تتل  عق نتتل ءىثتتقز أىنتت  نحتتن و ووتتنا وأف تتل ررك تتب  عتتدن  وأقتتل  ونتتن   تت) 2اتتن

المنتتترات لممقرتتتقت ال تتتل ولحونتتتن  المنتتترات الحم ف تتتل أقح تتتل كم تتتر  فتتت  نوا تتت  ر ذيتتتل   متتتل 

-0Table 1. Growth and yield traits of lettuce as affected by N-sources, Kوصتو ل

levels and their interaction during the winter season (1999/2000). 
Characters 

 

 

Treatments 

Plant 

height 

(cm) 

No. of 

outer 

leaves / 

plant 

No. of 

inner 

leaves ‘ 

plant 

Fresh 

weight of 

outer 

leaves (g) 

Fresh 

weight of 

inner 

leaves (g) 

Dry 

weight of 

outer 

leaves (g) 

Dry 

weight of 

inner 

leaves (g) 

Plant 

fresh 

weight 

(g) 

Yield 

(ton/fed) 

N-sources (A): 

    (NH4)2 SO4 

    NH4 NO3 

    Co (NH2)2 

 

38.08 

39.37 

39.31 

 

14.76 

17.52 

19.13 

 

24.66 

25.88 

26.76 

 

195.87 

238.25 

242.56 

 

188.98 

212.53 

212.63 

 

18.94 

23.57 

24.20 

 

18.81 

21.45 

21.40 

 

427.80 

490.84 

492.09 

 

12.10 

14.91 

15.07 

LSD at 5% 0.24 0.72 0.78 3.46 2.52 0.29 0.52 4.63 0.25 

K2 Levels (Kg/fed) (B): 

     0 

    20 

    40 

    60 

 

35.45 

37.73 

40.65 

41.84 

 

13.72 

16.81 

18.31 

19.71 

 

21.63 

26.12 

26.16 

29.15 

 

175.53 

206.94 

259.11 

260.65 

 

149.92 

206.69 

239.16 

233.07 

 

15.10 

19.59 

26.38 

26.97 

 

14.67 

20.06 

23.21 

24.27 

 

363.93 

457.84 

524.13 

535.08 

 

11.06 

14.09 

15.83 

16.32 

LSD at 5% 0.20 0.66 0.60 2.90 2.20 0.23 0.43 8.33 0.29 

Interaction (A x B): 

 (NH4)2 SO4      0 

                       20 

                       40 

                       60 

(NH4 NO3        0 

                      20 

                      40 

                      60 

(Co(NH2)2       0 

                      20 

                      40 

                      60 

 

35.10 

37.02 

39.22 

40.98 

36.01 

36.14 

41.26 

44.07 

35.25 

40.02 

40.47 

41.48 

 

12.57 

15.51 

15.59 

16.38 

13.25 

15.52 

20.47 

20.84 

15.34 

20.41 

18.50 

22.27 

 

20.38 

24.33 

26.73 

27.18 

21.07 

25.97 

26.36 

30.13 

23.43 

28.07 

25.39 

30.14 

 

150.83 

179.96 

226.30 

226.39 

169.02 

206.18 

287.58 

290.19 

206.73 

234.67 

263.46 

265.37 

 

137.27 

181.87 

218.08 

218.69 

150.62 

214.19 

239.08 

246.21 

161.87 

224.02 

223.18 

241.44 

 

13.70 

16.83 

22.78 

22.91 

15.44 

19.78 

29.47 

29.58 

18.86 

22.62 

26.79 

28.53 

 

13.44 

17.68 

21.83 

22.28 

14.72 

20.74 

23.81 

26.53 

15.85 

21.77 

24.00 

24.00 

 

321.95 

411.98 

488.05 

489.23 

363.47 

469.30 

557.20 

573.39 

406.37 

492.23 

527.13 

542.62 

 

9.77 

12.64 

14.77 

14.80 

10.93 

14.69 

16.79 

17.23 

12.49 

14.94 

15.94 

16.92 

LSD at 5% 0.34 1.14 1.04 5.64 3.81 0.40 0.74 14.42 0.51 
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Table 2. Growth and yield traits of lettuce as affected by N-sources, K-levels and 

their interaction during the winter season (2000/2001). 
Characters 

 

 

Treatments 

Plant 

height 

(cm) 

No. of 

outer 

leaves / 

plant 

No. of 

inner 

leaves ‘ 

plant 

Fresh 

weight of 

outer 

leaves (g) 

Fresh 

weight of 

inner 

leaves (g) 

Dry weight 

of outer 

leaves (g) 

Dry weight 

of inner 

leaves (g) 

Plant fresh 

weight 

(g) 

Yield 

(ton/fed) 

N-sources (A): 

    (NH4)2 SO4 

    NH4 NO3 

    Co (NH2)2 

 

35.45 

38.26 

39.42 

 

14.57 

16.86 

18.76 

 

24.36 

25.77 

26.43 

 

188.43 

230.84 

232.52 

 

182.67 

203.98 

205.12 

 

18.73 

23.36 

24.25 

 

18.77 

21.18 

21.42 

 

415.28 

480.13 

480.18 

 

12.82 

14.84 

15.15 

LSD at 5% 1.10 0.98 0.58 7.26 3.50 0.41 0.61 7.14 0.38 

K2 Levels (Kg/fed) (B): 

     0 

    20 

    40 

    60 

 

33.12 

36.97 

40.01 

40.75 

 

13.40 

16.39 

17.95 

19.18 

 

21.12 

25.98 

26.05 

28.92 

 

168.19 

200.38 

248.12 

252.36 

 

143.87 

199.16 

221.06 

224.93 

 

15.97 

19.41 

26.33 

26.73 

 

14.56 

19.98 

22.91 

24.36 

 

550.93 

447.49 

513.65 

522.65 

 

11.07 

13.98 

15.73 

16.03 

LSD at 5% 1.08 0.61 0.57 3.17 2.98 0.31 0.33 8.41 0.29 

Interaction (A x B): 

 (NH4)2 SO4      0 

                       20 

                       40 

                       60 

(NH4 NO3        0 

                      20 

                      40 

                      60 

(Co(NH2)2       0 

                      20 

                      40 

                      60 

 

31.01 

35.00 

37.27 

38.51 

32.75 

36.44 

40.94 

42.91 

35.59 

39.45 

40.83 

41.81 

 

12.22 

14.19 

15.68 

16.16 

12.92 

15.24 

19.54 

19.75 

15.06 

19.73 

18.62 

21.63 

 

20.17 

24.09 

26.38 

26.80 

20.83 

26.15 

26.08 

30.01 

22.36 

27.71 

25.70 

29.94 

 

140.93 

177.74 

216.07 

218.96 

164.60 

201.79 

272.73 

284.25 

199.04 

221.61 

252.68 

256.77 

 

132.43 

176.35 

209.29 

212.62 

143.27 

202.82 

230.31 

239.51 

155.92 

218.32 

214.38 

231.87 

 

13.47 

16.18 

22.33 

22.92 

15.34 

19.56 

28.86 

29.67 

19.10 

22.50 

26.99 

28.41 

 

13.70 

17.64 

21.300 

22.43 

14.53 

20.39 

23.29 

26.49 

15.45 

21.90 

24.15 

24.17 

 

303.92 

402.62 

476.90 

477.66 

353.22 

460.01 

546.83 

560.46 

395.66 

479.83 

515.42 

529.82 

 

9.41 

12.44 

14.56 

14.88 

11.15 

14.59 

16.57 

17.07 

12.65 

14.91 

16.07 

16.95 

LSD at 5% 1.87 1.05 0.99 5.50 5.15 0.54 0.56 14.57 0.51 

 


