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ABSTRACT 

A pot experiment was conducted in net house to evaluate the effects of three N levels (0.32, 0.64 and 
0.96g urea/pot) on the growth and yield of groundnut var. L14 grown under three water regimes (normal 
irrigation, 75% of the normal and 50% of the normal). At the normal irrigation regime, irrigation was applied 
at a dose equal to the average evapo-transpiration calculated by weighing control pots using an electronic 
balance. Results showed that different levels of N and different water regimes affected significantly growth 
and yield. Increased N supply increased main stem height, leaf area, total number of flowers, dry matter 
weight and CO2 assimilation rate of L14. Significant effects of irrigation regimes were also found regarding 
main stem height, leaf area, photosynthesis-related parameters, total number of flowers, pollen viability and 
dry matter. Compared to plants receiving normal irrigation, plants grown in 75% and 50% irrigation water 
showed lower values of growth and photosynthesis-related parameters. At normal irrigation level and 75% 
of the normal irrigation water, increased N supply led to increase in pod yield. At normal irrigation, and 75% 
of the normal irrigation, 0.96g urea/pot gave highest pod yield for groundnut while application of 0.64g N is 
highly recommended at 50% of normal irrigation.  
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TÓM TẮT 

Thí nghiệm trong chậu vại được thực hiện trong nhà lưới nhằm đánh giá ảnh hưởng của ba mức 
phân đạm (0,32, 0.64 and 0,96g Urea/chậu) kết hợp với ba mức nước tưới-T (tưới bình thường-T1, 75% 
mức tưới thuờng-T2 và 50% mức tưới thường-T3) đến sinh trưởng, phát triển của giống lạc L14. Mức tưới 
được xác định bằng với lượng nước cây hút tính toán qua phương pháp cân. Kết quả cho thấy tăng lượng 
phân N làm tăng chiều cao thân chính, diện tich lá, số lượng hoa hình thành, khối lượng chất khô và 
cường độ quang hợp của L14. Áp dụng các mức tưới khác nhau ảnh hưởng có ý nghĩa đến chiều cao thân 
chính, diện tích lá, các chỉ tiêu về quang hợp, số lượng hoa hình thành, độ hữu dục hạt phấn và khối lượng 
chất khô của L14. Cây được áp dụng mức tưới T2 và T3 sinh trưởng chậm và quang hợp yếu hơn so với 
cây được áp dụng mức tưới T1. Khi áp dụng mức tưới T1 và T2, tăng hàm lượng N làm tăng nănng suất 
quả của L14. Tuy vậy khi áp dụng mức tưới T3, tăng mức N không làm tăng năng suất quả của L14 khi 
tăng lượng bón từ 0,64 lên 0,96g Urea/chậu. Công thức  T1 và T2, bón 0.96 g Urea/chậu giúp đem lại năng 
suất cao nhất trong khi đó ở T3, bón 0,64g Urea/chậu đem lại năng suất cao nhất.  

Từ khoá: Bón N, giống lạc L14, năng suất, tưới. 

1. INTRODUCTION 
Groundnut (Arachis hypogaea L) is 

found among the most important semi-arid 
crops worldwide as its seeds contain high 
amounts of edible oil (43-55 %) and protein 
(25-28%). Besides that, it is found to be rich 
cellulose, vitamin, thiamine, and several 

mineral elements, such as Fe and Ca (Ngo 
The Dan et al., 1996). Groundnut is 
considered a fairly drought tolerant crop, 
however, its growth, nutrient fixation and 
yield vary upon the change in soil water 
content. Reddy (1988) reported that several 
stages in groundnut life cycles were expected 
to be sensitive to water, particularly (i) early 
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vegetative growth, (ii) flowering and pegging 
down, (iii) and nut maturation. According to 
Klepper (1983), different stages differ in 
degree of sensitivity to water deficit; 
however, none of them can proceed normally 
below some minimal water content. The 
greatest sensitivity degree of groundnut to 
water is found at 8 to 10 weeks after sowing 
(vigorous flowering stage). Drought stress is 
believed to have negative impacts on water 
relations (Babu and Rao 1983), 
photosynthesis (Bhagsari et al., 1976), 
mineral nutrition, metabolism, growth and 
yield of groundnut (Suther and Patel 1992).  

Nitrogen (N) often is considered a major 
limiting nutrient for groundnut cultivation in 
arid and semi-arid ecosystems. Though total 
soil N ranges from 50 to 500 g/m2, much of 
this is present in forms unavailable to plants 
(West and Klemmedson, 1978; Zak et al., 
1994). According to Reddy (1988), nitrogen is 
believed to be required for 3 major aspects of 
yield determinations: (i) formation of 
structure for nutrient absorption and 
photosynthesis; (ii) formation of reproductive 
structures and determination of sink 
strength; and (iii) the production of 
assimilates to fill the economical sink. 
Although many research works have been 
carried out with the aim of assessing the 
effect of N on the yield of groundnut, little is 
known of the direct effects of N on nitrogen 
fixation, reproductive development, and yield 
of groundnut under water stress.  

 As soil water content and N availability 
are two of the main factors limiting 
groundnut growth and yield, more research 
works must be done to provide further 
understanding about the adaptation of 
groundnut to water stress as well as the role 
of N fertilizer. Among the common 
cultivated groundnut varieties in Viet Nam, 
the Groundnut var. L14 appears to have 
high yield and good drought tolerance.  

The main objective of this study was to 
evaluate the effects of Nitrogen levels on 
growth, development and yield of groundnut 
var. L14 at different water stress levels and to 

identify the optimal nitrogen for the growth, 
development and yield of L14 variety at each 
water regime. The experiment also aimed at 
assessing the physiological responses of 
groundnut to water stress, and the interaction 
effects of N and water stress on pod yield. The 
information on response of groundnut to water 
stress can provide a basis for developing 
strategies to maintain stable yield of 
groundnut.  

2. MATERIALS AND METHODS 

2.1. Experiment design 
Three N levels: 0.32 (N1), 0.64 (N2) 

and 0.96g (N3) urea/pot and 3 irrigation 
regimes: normal irrigation (T1), 75% of the 
normal irrigation (T2) and 50% of the 
normal irrigation (T3) were used in this 
study. A 3x3 factorial experiment was 
employed following Split Plot Design with 
3 replications (2 pots per replication). In 
this experiment, irrigation regime was 
used as the main-plot factor and nitrogen 
level was the sub-plot factor. Groundnut 
var. L14 seeds were randomly sown and 
assigned to one of the 9 T-N combinations 
(9 treatments) as given in table 1.  

2.2. Planting and maintenance 
The experiment was conducted in the net 

house at Faculty of Agronomy, Hanoi 
University of Agriculture. Seeds of groundnut 
var. L14 were sown in foam pots (50 cm high, 
30 cm wide and 50 cm long) in August 14th, 
2010. 10 seeds were sown per pot filled with 
silt soil. Seedlings were then thinned to 6 per 
pot. Irrigation was started from 30 to 55 DAS. 
In T1, irrigation was applied at a dose equal to 
the average evapo-transpiration calculated by 
weighing control pots using an electronic 
balance. The soil moisture was checked every 
5-day period. A dose of 150g organic fertilizer, 
8.44 g super-phosphate and 1.5g KCl was 
applied before sowing (basal application). 
Three N fertilizer doses (0.32; 0.64 and 0.96 g 
urea/pot) were split into two applications: 
basal application (½ dose) and side dressing at 
2 -3 leaf stage (15 DAS) (½ dose). 
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Table 1. Irrigation regime and nirtrogen dose (T-N) combinations 
Nitrogen levels 

(g Urea/pot) 
T1 (normal irrigation) 

T2 (75% of the normal 
irrigation) 

T3(50% of the normal irrigation) 

N1 (0.32g) T1N1 T2N1 T3N1 

N2 (0.64g) T1N2 T2N2 T3N2 

N3 (0.96g T1N3 T2N3 T3N3 

Table 2. Effects of water stress and N levels on main stem height and leaf area 
Main stem height (cm) 

30DAS 55DAS 85DAS T 

N1 N2 N3 N3 N1 N2 N3 Mean N1 N2 N3 Mean 

T1 14.20 15.83 17.60 15.88 20.00 20.83 26.16 22.33 26.20 34.06 37.96 32.74 

T2 14.23 15.33 16.43 15.33 19.20 17.56 21.60 19.45 22.13 23.23 28.33 24.56 

T3 13.00 14.30 16.76 14.69 13.73 16.03 19.10 16.29 17.63 20.06 26.00 21.23 

Mean 13.81 15.15 16.93  17.64 18.14 22.29  21.99 25.78 30.76  

CV 1.2 4.6 3.5 

LSD 0.05N 0.19 0.91 0.95 

LSD 0.05T 0.23 0.95 1.24 

LSD 0.05N*T 0.33 1.57 1.64 

Leaf area (dm2/plant) 

30DAS 55DAS 85DAS  

N1 N2 N3 Mean N1 N2 N3 Mean N1 N2 N3 Mean 

T1 2.56 2.73 3.24 2.84 6.82 7.29 7.26 7.12 8.94 8.22 9.07 8.74 

T2 2.48 2.67 3.29 2.81 5.52 5.65 5.99 5.72 7.24 6.59 7.51 7.11 

T3 2.31 2.99 3.12 2.81 3.36 4.12 3.79 3.76 4.17 5.10 6.18 5.15 

Mean 2.45 2.80 3.22  5.23 5.69 5.68  6.78 6.64 7.59  

CV% 7.4 2.5 1.7 

LSD 0.05N 0.21 0.14 0.12 

LSD 0.05T 0.36 0.24 0.9 

LSD 0.05 N*T 0.37 0.24 0.21 

 

2.3. Measurements 
 Leaf area (LA) (dm2/plant) was 

measured with an automatic area meter 
(AAM-8 Hayashi Denko Inc., Tokyo, Japan).. 
Leaves, stem, roots and pods were separated 
and oven-dried at 800C for 48 hours and 
weighed for dry matter determination. 
Percentage of viable mature pollen grains 

were counted by staining with 1% I2-KI 
solution. Photosynthesis rate (Carbon 
assimilation rate), stomatal conductance (gs) 
and transpiration rate (E) were measured 
using Li - 6400 Photosynthetic Measurement 
Systems (LI - COR, Lincoln, NE, USA). Pod 
yield (g/plant) was deterimed at harvest 3 
plants per treatment were selected to 
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measure the growth and development 
parameters. All data were subjected to 
analyses of variance (ANOVA) using 
IRRISTAT statistical package, version 5.0.  

3. RESULTS AND DISCUSSIONS 

3.1. Main stem height and leaf area 
Data regarding main stem height and 

leaf area of groundnut are presented in table 
2. Plants grown under water stress (T2, T3) 
obtained lower main stem height and leaf 
area compared to plants grown in normal 
irrigation (T1). Main stem height and leaf 
area decreased as water stress increased. 
Similar results were also recorded for 
groundnut by Reddy et al., (2003) and for 
Bambara groundnut by Vurayai et al., 
(2011). The reduction of leaf area and stem 
height may have been caused by low soil 
water potential which led to smaller leaf size 
and smaller number of leaves per plant 
(Reddy et al., 2003). In addition, drought 
stress is also believed to stimulate leaf 

abscission since it induces ethylene 
production in some species (Apelbaum and 
Yang, 1981; Kacperska et al., 1989). The 
decrease in leaf area and stem height is a 
mechanism of plant to reduce water loss 
under drought condition.  

Statistical analysis of data revealed 
significant differences (p=0.05) in main stem 
height and leaf area of plants grown at 
different N levels at 55 DAS and 85 DAS. At 
55 DAS, highest mean value of main stem 
height was observed in plants grown in N3 
(22.29 cm), followed by N2 (18.14 cm) and 
N1 (17.64 cm). At 85 DAS, within the same 
level of T, increase in N level resulted in 
increase in main stem height. Similar 
observation was reported earlier by Jakhro 
(1984) and Barik et al., (1994). This may be 
due to the increase of N content in leaf as a 
result of increasing N supply.  

3.2. CO2 assimilation rate (AN), stomatal 
conductance (gs) and transpiration rate 
(E) 

Table 3. Effects of water stress and N levels on CO2 assimilation rate (AN), stomatal 
conductance (gs) and transpiration rate (E) 

55DAS 85DAS 

AN gs E AN gs E Treatment 

µmol m-2s-1 mol m-2s-1 mmol m-2s-1 µmol m-2s-1 mol m-2s-1 mmol m-2s-1 

T1N1 20.41 0.52 10.17 10.33 0.18 2.21 

T1N2 18.70 0.35 8.15 13.30 0.25 4.31 

T1N3 22.83 0.40 8.27 12.70 0.30 4.88 

T2N1 9.36 0.19 3.24 16.08 0.25 5.54 

T2N2 11.46 0.23 2.74 10.43 0.21 2.43 

T2N3 11.96 0.23 4.16 12.36 0.30 3.72 

T3N1 8.06 0.19 3.20 16.45 0.39 7.54 

T3N2 9.73 0.21 3.21 12.87 0.28 5.30 

T3N3 7.69 0.18 6.79 13.95 0.24 7.79 

CV(%) 2.4 6.1 5.2 4.2 5.5 2.5 

5% LSD-N*T 0.57 0.30 0.47 0.99 0.26 0.21 

5%LSD-T 0.64 0.14 0.21 0.92 0.33 0.29 

5% LSD-N 0.33 0.17 0.27 0.57 0.15 0.12 

Irrigation treatments started at 30DAS, ended at 55DAS. 
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Table 4. Effects of water stress and N levels on flower characteristics  
and peg formation 

Flower Peg 
Treatment 

Mean no Pollen Viability (%) Days to first formed peg Mean no Percent of flowers 

T1N1 33.77 88.66 39 20.83 61.68 

T1N2 33.48 84.25 38 22.50 67.20 

T1N3 38.23 91.70 39 23.90 62.52 

T2N1 28.58 85.43 39 16.47 57.63 

T2N2 26.98 83.63 40 17.11 63.42 

T2N3 30.93 83.86 39 20.73 67.02 

T3N1 23.74 76.10 43 15.44 65.04 

T3N2 29.31 73.73 42 18.86 64.35 

T3N3 26.30 83.70 43 16.26 61.83 

CV(%) 1.8 3.4  2.7  

5% LSD-N*T 0.95 5.06  0.91  

5%LSD-T 0.39 2.90  0.63  

5% LSD-N 0.54 2.92  0.52  

 
Crop productivity is considered as sum 

of biochemical, physiological, genetical and 
morphological traits of plants. Reddy (1988) 
reported that the products of carbon 
fixation comprise a major part in dry 
matter of plant, thus, net CO2 assimilation 
rate is the principal indicator for studying 
crop productivity. Photosynthesis is 
positively correlated with nitrogen content 
and chlorophyll content of leaves, however, 
this correlation is weak (Reddy, 1988). 
Photosynthesis is reduced under moisture 
stress, mainly due to reduction in stomatal 
conductance and leaf area (Reddy et at., 
2003). Stomata starts closing as water 
stress increases as a mechanism to reduce 
transpiration rate, hence, the entry of CO2 

decreases. According Bhagsari et al., 
(1976), large reduction in photosynthesis 
and stomatal conductance was observed 
when relative water content decreased from 

80-75%.  

At the end of the irrigation treatments 
(55DAS), different water treatments 
showed strong effects on AN, gs, and E 
(Table 3). Significant differences in AN, gs, 

and E means were found among 3 water 
levels. Water stress significantly reduced 
AN, gs, and E. Highest mean values of AN, gs, 

and E were found at T1 (normal irrigation). 
AN decreased significantly from 22.83 µmol 
m-2s-1 (T1N3) to 11.96 µmol m-2s-1 (T2N3) 
and lowest at T3N3 (7.69 µmol m-2s-1). The 
negative effects of water stress on 
photosynthesis can be caused by the low 
carbon supply that is directly or indirectly 
induced by limited water conditions (Ayub 
Khan, 2005). Plant functions such as CO2 
fixation are impaired below certain turgor 
level caused by water stress. The reduction 
in AN can be explained by the inhibition of 
both stomatal and non-stomatal inhibition 
of carbon fixation during water stress 
induction (Hsiao, 1973; Boyer, 1976). 
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Applying N at different levels affected 
significantly AN, gs, and E. Although N 
significantly increased AN as increase in N 
level from N1 (0.32g Urea/pot) to N3 (0.96g 
Urea/pot), the interaction effect of T and N on 
AN was not linear at both 55 and 85DAS. At 
55DAS, across T3N combinations, increase in 
N level from N1 to N2 significantly increased 
AN from 8.06 to 9.73 µmol m-2s-1

 , however, AN 

decreased when N level increased from N2 to 
N3. This can be seen as the severe effects of 
the water stress at T3 that altered the effects 
of increasing N level on AN of groundnut. 
Further studies are highly recommended in 
order to clarify this.  

3.3. Flower number, pollen viability and 
peg formation. 

Significant effects (P=0.05) of different 
water regimes and different levels of N on 
mean number of flower, pollen viability were 
recorded. Plants grown under stressed 
condition (T2, T3) produce lower number of 
flowers when compared with plants grown in 
T1 (normal irrigation). This can be explained 

by the effect of water stress on stem growth 
and reduction of nodes from which the 
flower arise, and to a lesser extent on flower 
buds themselves (Ochos and Wormer, 1959). 
However, this observation is not in 
conformity with the findings by Gowda and 
Hegde (1986) and Janamatti et al., (1986). 
The rate of production is reduced by drought 
stress during the flowering but the total 
number of flowers per plant is not affected 
due to an increase in duration of flowering 
(Gowda and Hegde, 1986; Janamatti et al., 
1986). 

N application significantly increased 
flower number but its effects on pollen 
viability were not linear. Plants grown with 
smallest added N level showed smallest 
number of flowers. Application of T2 and T3 
led to prolonged flowering. This result was 
also observed by Reddy et al., (1980). Plants 
grown under water stress also obtained 
lower number of pegs formed when 
compared with plants grown under normal 
irrigation (T1).  

Table 5. Effects of water stress and N levels on dry weight accumulation (g /plant) 
Treatments 30DAS 55DAS 85DAS Harvest 

T1N1 4.39 8.74 13.00 26.73 

T1N2 4.61 9.39 14.10 26.96 

T1N3 5.04 9.82 17.06 28.83 

T2N1 4.25 8.09 12.10 19.06 

T2N2 4.39 8.39 13.80 21.06 

T2N3 4.90 9.01 15.40 21.16 

T3N1 4.37 5.65 10.53 17.06 

T3N2 4.55 6.33 11.56 18.40 

T3N3 5.00 6.14 10.56 17.10 

CV(%) 3.2 3.5 2.1 2.0 

5% LSD-N*T 0.27 0.49 0.49 0.77 

5%LSD-T 0.27 0.25 0.39 0.60 

5% LSD-N 0.15 0.28 0.28 0.44 

Irrigation treatments started at 30DAS, ended at 55DAS.  
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3.4. Dry weight accumulation  
Dry matter weight in plant is an 

important determinant of crop yield (Bell et 
al., 1994). Dry matter accumulation in plant 
has strong correlation with crop growth and 
yield. Dry matter accumulation of a crop is 
strongly affected by water and N supply. 
Kumaga et al., (2003) reported that total dry 
matter accumulation of groundnut was 
reduced in response to post-flowering water 
stress. Data regarding dry matter weight of 
groundnut are given in table 5.  

Before water treatment (30DAS) N 
significantly increased dry matter accumulation 
of groundnut. Increase in N supply resulted in 
increase in dry weight. At the end of the water 
treatment (55DAS) and pod filling stage 
(85DAS), N significantly increased the dry 
weight, however, the interaction effect of N and 
T on dry matter accumulation was not linear. 
At the end of the irrigation treatment, across 
T1*N and T2*N in combinations, increase in N 
supply increased dry matter weight of L14. At 
the most severe stress condition (50% of the 
normal irrigation), dry matter weight increased 
from 5.65 (at T3N1) to 6.33 g/plant (at T3N2) 
but then decreased to 6.14g/plant at T3N3. 

Decrease in water irrigation from normal 
(T1) to 50% of the normal (T3) resulted in 
decrease in dry matter weight plant-1. The 
reduction in dry matter weight of groundnut 
under water deficit can be seen as result of the 
reduction in plant height, leaf area, number of 
leaves caused by water stress.  

3.5. Yield and yield components 
Results showed that number of pod 

plant-1
,
 mean number of mature pod plant-1 

and pod yield of groundnut decreased as water 
stress levels increased. At normal irrigation, 
number of pod plant-1

,
 mean number of mature 

pod plant-1 and pod yield of groundnut were 
significantly higher than those in T2 and T3. 
Pod yield decreased from 6.34 g/plant (T1N1) 
to 4.18 g/plant (T2N1) and was lowest at T3N1 
(3.05g/plant). Water stress reduced pod yield. 
This result is consistent with finding of 
Vurayai et al., (2011) on Bambara groundnut. 
The reduction of pod yield in response to water 
stress can be explained by the insufficient 
plant turgor, absence of assimilates (P.S. 
Reddy, 1988) and soil resistance (Sharma and 
Sivakumar, 1991). Furthermore, water stress 
can induce abortion of newly formed seeds, 
delay and reduce appearance of nodes that 
resulting in plants with fewer inflorescence 
(Vurayai et al., 2011). 

Table 6. Effects of water stress and N levels on yield and yield components 
Pod Mature pods Pod yield 

Treatments Pod number/
plant 

Percent of  
pegs 

Percent of 
flower (%)

Mean no.
percent of 
pegs (%)

Percent 
of flowers

(g/plant) 

Kernel yield  
(g/plant) 

Shelling 
(%) 

T1N1 11.80 56.65 34.94 7.63 36.63 22.59 6.34 4.00 63.09 

T1N2 14.10 62.67 42.11 8.23 35.58 24.58 7.46 4.53 60.72 

T1N3 14.38 60.17 37.61 7.90 33.05 20.66 7.57 4.64 61.29 

T2N1 9.26 56.22 32.40 6.10 37.04 21.34 4.18 2.56 61.24 

T2N2 10.03 58.62 37.18 6.33 37.00 23.46 4.37 2.56 58.58 

T2N3 10.81 52.15 34.54 7.00 33.77 22.63 5.62 3.58 63.70 

T3N1 8.20 53.11 34.32 4.00 25.91 16.88 3.05 1.68 55.08 

T3N2 10.06 52.34 34.32 4.66 24.71 15.90 3.54 2.16 61.02 

T3N3 8.40 51.66 31.94 4.03 24.78 15.3 3.07 1.71 55.70 

CV(%) 2.7   3.7   1.3 1.4  

5% LSD-N*T 0.51   0.41   0.11 0.76  

5%LSD-T 0.29   0.21   0.14 0.67  

5% LSD-N 0.29   0.23   0.68 0.44  
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N applied at different levels also had 
significant effects on mean number of pod 
plant-1

,
 mean number of mature pod plant-1 

and pod yield of groundnut, however, no 
significant difference with regard to mean 
number of pod plant-1

,
 mean number of 

mature pod plant-1 and pod yield of 
groundnut was found between N2 (0.64g 
Urea/pot) and N3 (0.96g Urea/pot). 
Significant effects of interaction between T 
and N in different combinations were also 
observed. Across T1*N and T2*N 
combinations, pod yield increased as N 
levels increased, however, across T3*N 
combinations, pod yield decreased from 
3.54 to 3.07 g/plant when N level increased 
from N2 to N3.  

5. CONCLUSIONS 

At normal irrigation and T2 (75% of the 
normal irrigation), increase in N level 
resulted in increase in main stem height, 
number of leaves and leaf area per plant. 
Increase in water stress level resulted in 
decrease in main stem height, leaf area. Total 
number of flowers, dry matter weight, 
percentage of pollen viability, peg formation 
were significantly affected by N levels. 
Increase in N level resulted in increase in dry 
mater weight and number of flowers per 
plant, however, did not increase pollen 
viability. Low water irrigation supply (75% 
and 50% of normal) reduced significantly 
total number of flowers, dry matter weight, 
peg formation, percentage of pollen viability 
compared to those at normal water irrigation. 

 Water supply had significant effects on 
AN, E and gs. Decrease in irrigation supply 
significantly decreased AN, E and gs. 
Application of N at different levels also had 
significant effects on AN.  

N applied at different levels showed 
significant effects on pod yield. At normal 

irrigation and T2 (75% of the normal), 
increase in N supply (from 0.32 to 0.96g 
Urea/pot) led to increase in pod yield, 
whereas, at T3 (50% of the normal), increase 
in N supply did not obtain increase in pod 
yield. At normal irrigation, and 75% of the 
normal irrigation, 0.96g urea/pot is 
convinced to bring highest yield for 
groundnut while the application of 0.64g N 
is highly recommended at 50% of normal 
irrigation.  
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