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Abstract : 

 The effect of phosphorus (P) and nitrogen (N) on the rooting response of mung 

bean (Phaseolus aureus Roxb.) cuttings was studied. A wide range of P concentrations 

(8-62 mg/L) was used as well as for N (75-400 mg/L) separately and in combinations at 

different ratios. The optimal rooting response, (20.34) roots per cutting, was obtained by 

the combination of (20:250 mg/L) P:N. 
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 إستجابة تجذيز عقم نبات انماشاننيتزوجين عهى \تأثيز نسب انفسفىر

 

 أحمذ بذيع محمىد  عبذ هللا إبزاهيم شهيذ

 

 : انخالصة

 Phaseolus aureus)جًث دراسة جأثيز انفسفور و اننايحزوجين عهي إسحجابة ججذيز عقم انًاش 

Roxb.)  ( و اننايحزوجين\يهغى 26-8حيث جى إسحخذاو يذى واسع ين جزاكيز انفسفور جزاوحث بين )57) نحز-

( جذر 64.00نحز( كم عهي حذه و بحونيفات ين نسب يخحهفة نكال انعنصزين. جى انحصول عهي يعذل )\يهغى 044

 نحز( فسفور0نايحزوجين.\يهغى 674064في انعقهة انواحذة كأيثم إسحجابة نهحجذيز عنذ انحونيفة انًكونة ين )

 , جغذية يعذنية.0 ياش, فسفور, نايحزوجين, إسحجابة انحجذيزانكهمات انزئيسية

 

Introduction : 

 Mung bean is one of the most 

important crops in Iraq due to its high 

content of lysine-rich protein, and its 

short period of life span. It is cultivated 

for many purposes including seeds 

production for using as food for human 

and animals (Ali et al., 1990), as well as 

using it to improve soil fertility by 

fixing N through symbiosis with 

specific soil rhizobia of the genus 

Bradyrhizobium (Rivas et al., 2009). 

Mung bean seed contains 24.0% protein, 

1-3% fat, 50.4% carbohydrates, while 

calcium and phosphorus are 132 and 

367 mg per 100 grams of seed, 

respectively (Phoehlman, 1991). The 

average planted acreages with mung 

bean in Iraq was 13.84 thousand ha, 

while average total production was 

 انبحث مستم من رسانة ماجستيز نهباحث االول
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11.49 thousand tons, whereas average 

yield was 799.6 kg/ha for the period 

1970-2010 (Bashar, 2013). 

Phosphorus or nitrogen alone or 

in a combination play a remarkable role 

in increasing yield and improving the 

quality of mung bean (Sandhu et al., 

1978). The latter found that the 

application of small amount of nitrogen 

as a starter dose has a beneficial effect 

on crop yield and quality. Phosphorus 

plays a vital role in the formation and 

translocation of carbohydrates, root 

development, crop maturation, and 

resistance to disease pathogens. Thus, it 

increases the mung bean yield and 

improves the quality (Arya and Kalara, 

1988). Application of nitrogen in 

combinations with phosphorus to mung 

bean also increases its yield and yield 

components (Hussain, 1994) while 

nitrogen uptake and protein content of 

mung bean increase with increasing rate 

of applied phosphorus (Dewangan, 

1992). Therefore, the need to investigate 

the best levels of phosphorus and 

nitrogen for obtaining higher rooting 

response in mung bean is the aim of this 

study. 

 

Materials and Methods : 

 Seeds of Phaseolus aureus Roxb. 

local var. from the crop of October 2012 

(Hillah, Babylon) were employed. Seeds 

were randomly chosen considering the 

morphological similarity. Seeds were 

washed using current water, and then 

soaked overnight. Seeds were cultivated 

in parallel lines on sterile sawdust, as 

cultivation medium, in plastic trays. 

They were kept in growth chamber 

(Binder KBW 700 Plant Growth 

Chambers) with temperature at (25⁰C), 

humidity of 60-70%, and continuous 

luminance of (1600-1800 Lux) for 10 

days, which is the optimum age of 

seedlings to prepare cuttings in lab 

rooting experiments. The cuttings were 

treated with the appropriate solution for 

24 hours, then they were transferred to 

boric acid (H3BO3) for 6 days as rooting 

medium due to its necessity in the 

formation of root primordia and its 

subsequent growth and development to 

visible roots (Middleton et al., 1987). 

On the 6
th

 day of boric acid treatment, 

roots were counted. Treatment solutions 

were prepared in ranges of 

concentration include middle values 

equal to those used in Hoagland 

solutions (Hoagland and Arnon, 1950). 

KH2PO4, as a source of P, was prepared 

in a range of concentrations between (8-

32 mg/L), NH4H2PO4 as another source 

of P was also prepared in a range of 

concentrations between (16-62 mg/L), 

KNO3 and Ca(NO3)2•4H2O as sources 

of N were both prepared in a range of 

concentrations between (75-400 mg/L). 

Boric acid (H3BO3) solution was 

prepared at the concentration of 5µg/ml 

(Middleton et al., 1987). As 

experimental system, 12 mung bean 

cuttings were used for each treatment, 

divided on 3 glass vials, 4 cuttings for 

each vial. Every vial contained 15 ml of 
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the appropriate solution, and that 

volume afforded a depth of 3 cm to 

cover the entire hypocptyl. All 

experiments were designed completely 

randomized, and the statical analysis 

was done using IBM SPSS Statistics 

19.0 (Levesque, 2007), and Microsoft 

Excel 2013. 

 

Results and Discussion: 

 Table (1) shows that mung bean 

cuttings were derived from 10 days old 

seedlings, were grown in distilled water, 

have developed 11.4 adventitious roots 

per cutting. It was attributed to 

endogenous Indole Acetic Acid (IAA). 

Treatment of cuttings with low 

concentrations (8-16 mg/L) of KH2PO4, 

which has been used in Hoagland 

solution no.(1) as a source of 

phosphorus (P), wasn’t significantly 

effective in the rooting response as the 

fact that the number of roots was 

between (10.3-9.2 roots per cutting) 

respectively with the range of 

concentrations above comparing to 

control. While the increasing of 

concentration to (20 mg/L) or higher 

reduced rooting response significantly. 

Therefore, KH2PO4 apparently is not 

positively effective in rooting response 

of mung bean cuttings, not only that, but 

it acted as inhibitor in high 

concentrations.  

 

 

Table (1): Influence of potassium dihydrogen phosphate (KH2PO4) on rooting 

response of fresh mung bean cuttings. 

 

KH2PO4 Concentration (mg/L) Mean root number/cutting 

Control 11.11 

8 12.01 

10 0..2 

12 0..1 

14 1.01 

16 0.10 

18 3.1. 

20 9.10 

25 0.21 

32 3.10 

*L.S.D. (0.05) = 2.84, **L.S.D. (0.01) = 4.37 

 

Depending on the ineffective 

results of table (1), KH2PO4 was 

supplied to stock plants rather than 

cuttings after the emergence of 

seedlings during the period of 5-10 days 

(Table 2) according to the fact that P is 

absorbed through the roots (Tara and 

Niels, 1998). Table (2) shows that mung 
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bean cuttings taken from seedlings were 

grown in distilled water (control) have 

developed 6.7 roots per cutting. 

However, supplying KH2PO4 at low 

concentrations (8-10 mg/L) was not 

significantly effective although there 

was increasing in the number of 

developed roots. While the cuttings 

derived from seedlings grown up in 12 

mg/L of KH2PO4 have developed more 

than double of 13.5 roots per cutting 

comparing to control (6.7 roots per 

cutting). Increasing concentrations to 32 

mg/L was not significantly effective 

except for 18 and 20 mg/L where 

response was significant (10.3 and 11.3 

roots per cutting respectively) therefore 

12 mg/L of KH2PO4 was chosen as the 

optimum concentration. 

 

 

Table (2): Rooting response of mung bean cuttings derived from seedlings, 

supplied with (KH2PO4) between 5-10 days. 

 

KH2PO4 Concentration (mg/L) Mean root number/cutting 

Control 9.93 

8 1... 

10 0... 

12 1...2** 

14 0.0. 

16 1.21 

18 12.0.* 

20 11...* 

25 3.0. 

32 1.10 

*L.S.D. (0.05) = 3.33, **L.S.D. (0.01) = 5.13 

 

To overcome the problem that 

mung bean cuttings are not affected by 

the direct supplying of KH2PO4, and due 

to the difficulty of supplying KH2PO4 to 

the seedlings, another P source was used 

and that is NH4H2PO4. It is already used 

in Hoagland solution no.(2), and it was 

provided to the cuttings directly as in 

(Table 3). The latter table shows that 

cuttings were treated with distilled water 

have developed 5.4 roots per cutting. 

Supplying different concentrations of 

NH4H2PO4 has increased number of 

roots, but not consistent with the dose-

response relationship except for 

concentrations of 16, 22, 34, 37 and 50 

mg/L where root numbers were 8.08, 

8.08, 8.75, 9.58 and 10.33 respectively. 

Increasing the concentrations to 55 and 

62 mg/L was diminishing the rooting 

response to control limit or even less 

than that. 
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Table (3): Influence of ammonium dihydrogen phosphate (NH4H2PO4) on rooting 

response of fresh mung bean cuttings. 

 

NH4H2PO4 Concentration (mg/L) Mean root number/cutting 

Control ..10 

19 1.21* 

10 9.10 

00 1.21* 

0. 1..1 

01 9.10 

.1 9.22 

.1 1.3.* 

.3 0..1** 

12 3... 

1. ..00 

13 1.22 

.2 12...** 

.. 3.00 

90 ..22 

*L.S.D. (0.05) = 2.61, **L.S.D. (0.01) = 3.88 

 

According to the results above, 

highest response in the term of roots-

number per cutting was 10.33 at the 

concentration of 50 mg/L and it is 

almost double the number of roots in 

control. In other word, it was higher 

than control by 90.6%. Therefore, it was 

considered optimum in the next 

experiments. As a nitrogen (N) source, 

we used Ca(NO3)2•4H2O in (Table 4)  

and KNO3 in (Table 5) and they both are 

used in Hoagland solution no. (1) and 

(2). Table (4) shows that 

Ca(NO3)2•4H2O has no significant effect 

on the rooting response of mung bean 

cuttings in all used concentrations (75-

400 mg/L) comparing with distilled 

water. Obviously, number of roots in all 

treatments was between 8.25 and 10.25 

with least significant difference (LSD) 

value of 3.22 at 0.05 level of 

probability, which means there is no 

statistically significance. 

Table (5) shows that mung bean 

cuttings treated with distilled water have 

developed 9.75 roots per cutting. 

Application of KNO3 in a wide range of 

concentrations (75-400 mg/L) was not 

significant except for the lowest one (75 

mg/L) and (250 mg/L) which developed 

17.42 and 18.08 roots per cutting 

respectively. However, the latter 

concentration (250 mg/L) was 

considered optimum in the next 

experiments since it increased the 

rooting response by almost the double or 
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85.4%. Ca(NO3)2•4H2O (Table 4) was 

excluded because it was not effective as 

much as KNO3. 

 

 

Table (4): Influence of calcium nitrate [Ca(NO3)2•4H2O] on rooting response of 

fresh mung bean cuttings. 

Ca(NO3)2•4H2O Concentration (mg/L) Mean root number/cutting 

Control 1..2 

75 1.0. 

100 0.0. 

125 12.0. 

150 0.3. 

175 0.10 

196 0.22 

225 3..2 

250 12.13 

275 1.0. 

300 0... 

350 12.00 

400 1.93 

*L.S.D. (0.05) = 3.22, **L.S.D. (0.01) = 4.84 

 

Table (5): Influence of potassium nitrate (KNO3) on rooting response of fresh 

mung bean cuttings. 

 

KNO3 Concentration (mg/L) Mean root number/cutting 

Control 0.3. 

75 13.10* 

100 1..0. 

125 10.21 

150 11... 

175 12.00 

196 1..0. 

225 11.00 

250 *11.21  

275 11.00 

300 12.1. 

350 12.00 

400 1...1 

*L.S.D. (0.05) = ..1., **L.S.D. (0.01) = 8.81 
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To study the interaction between 

P and N, KH2PO4 was supplied to the 

stock plants during the seeds soaking 

stage using the optimum concentration 

(12 mg/L). After that, KNO3 was 

supplied to the cuttings in a range of 

concentrations between (5-300 mg/L) as 

in (Table 6). The latter shows that none 

of the concentrations were significantly 

effective. Number of roots was 

restricted between 7.57 roots at 5 mg/L, 

and 12.67 roots at 25 mg/L comparing 

with the control (10.33 roots) at 0.05 

level of probability. 

The study of interaction between 

P and N was repeated again, but this 

time both chemicals were supplied to 

the cuttings. Moreover, the 

combinations were made between the 

optimum concentration of KH2PO4 (12 

mg/L) with different concentrations of 

KNO3 (5-300 mg/L), and vice versa, by 

using the optimum concentration of 

KNO3 (250 mg/L) with different 

concentrations of KH2PO4 (8-50 mg/L). 

Results in (Table 7) shows that none of 

the combinations mentioned above was 

significantly effective on rooting 

response. Number of roots in all the 

formulas was between (4.25-6 roots per 

cutting) comparing to control samples (5 

roots) in terms of LSD value which 

equaled 1.42 at 0.05 level of probability. 

 

Table (6):  Rooting response of mung bean cuttings derived from seedlings planted 

in (KH2PO4). 

 

KNO3 (mg/L) Mean root number/cutting 

Control 10.33 

5 7.58 

25 12.67 

50 8.83 

100 8.08 

150 9.08 

200 8.17 

250 11.08 

300 8.42 

*L.S.D. (0.05) = 2.90, **L.S.D. (0.01) = 4.52 
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Table (7): Interaction between (P) and (N) on rooting response of fresh mung bean 

cuttings. 

 

RatioP : N (mg/L) Mean root number/cutting 

Control 5.08 

12 : 5 5.33 

12 : 25 5.42 

12 : 50 6.00 

12 : 100 5.42 

12 : 150 4.92 

12 : 200 5.33 

12 : 250 5.00 

12 : 300 5.67 

8 : 250 4.25 

16 : 250 4.92 

20 : 250 5.25 

32 : 250 5.67 

50 : 250 5.67 

*L.S.D. (0.05) = 1.42, **L.S.D. (0.01) = 2.12 

 

The interaction between P and N 

was studied for the third time, using the 

amount of P that is being added to field 

as triple super phosphate, and the 

amount of N that is being added to field 

as urea according to the recommended 

values of (25-75 kg/ha) each. Three 

concentrations was used for each of P 

and N, and those were (11.2, 22.4, 44.8 

mg/L) after converting the amount in 

kg/ha to mg/L. Each of the above 

concentrations was supplied separately 

and in combinations with the 

concentrations of the other element, as it 

is obvious in (Table 8). Results in the 

latter table shows that P has no positive 

significant effect on the rooting 

response of mung bean cuttings neither 

individually nor in combinations of P 

and N. The number of roots was in its 

lowest value of (5.17 roots per cutting) 

at the concentration of (44.8 mg/L) N, 

and in its highest values of (7.89 roots) 

at (11.2:44.8 mg/L) P:N, comparing 

with the control (6.08 roots) in terms of 

LSD which equaled 1.18 at 0.05 level of 

probability. 
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Table (8): Interaction between (P) and (N) on rooting response of fresh mung bean 

cuttings. 

 

RatiosP:N (mg/L) Mean root number/cutting 

D.W. 9.21 

11.2 : 0 9.93 

22.4 : 0 9..1 

44.8 : 0 9.93 

0 : 11.2 3.21 

0 : 22.4 9.1. 

0 : 44.8 ..13 

11.2 : 11.2 ..93 

11.2 : 22.4 9.0. 

11.2 : 44.8 7.89 

22.4 : 11.2 9.0. 

22.4 : 22.4 9.93 

22.4 : 44.8 9.10 

44.8 : 11.2 3.13 

44.8 : 22.4 9.13 

44.8 : 44.8 3..1 

*L.S.D. (0.05) = 1.81, **L.S.D. (0.01) = 2.69 

 

Seemingly, the formula of (P:N) 

does not depend on the ratio between 

them (e.g. 1:1, 1:2 or 1:4) or vice versa 

for (N:P). Accordingly, the adopted 

principle was to fix one of the two 

elements at the optimum concentration 

(threshold concentration) (i.e. 12 mg/L 

for P) and adding the other element to 

make combinations in which the second 

element is firstly, at the threshold 

concentration (i.e. 250 mg/L for N), 

secondly, below the threshold 

concentration (75 mg/L), thirdly, above 

the threshold (400 mg/L). In the next 

case, P is fixed at the lowest value of 

concentration (below threshold) (8 

mg/L) and N is added in the same way 

(threshold/below/above). In the third 

case, P is fixed at the highest 

concentration (above threshold) (20 

mg/L), and N is added in the same way, 

as in (Figure 1). The latter figure shows 

that treating mung bean cuttings with 

distilled water led to develop (13.49 

roots per cutting), and that fixing P at 

threshold (12 mg/L) increased rooting 

response with the increase of N 

concentration from the lowest value to 

the highest through the threshold. 

Numbers of roots were (13.47, 15 and 

15.92 roots per cutting) at the 

combinations of (12:75), (12:250), and 

(12:400) mg/L P:N respectively. 

Although root numbers were raised with 

the increasing of N, second case [i.e. 

fixing P concentration below threshold 
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(8 mg/L) and adding N at 

below/threshold/above] showed higher 

rooting response than the control of 

(13.49 roots per cutting), and higher 

than the first case, with values of (19.28, 

16.79 and 16.31 roots per cutting) at the 

combinations of (8:75), (8:250), and 

(8:400) mg/L P:N. Moreover, in the 

third case (i.e, fixing P concentration at 

above threshold and adding N at 

below/threshold/above) rooting response 

in terms of number of roots was (15.98, 

20.34, and 13.45 roots per cutting) 

respectively to the combinations 

(20:75), (20:250), and (20:400) mg/L 

P:N. 

Depending on the foregoing 

results, it appears that the best rooting 

response that express the mutual action 

between P and N is presented in the 

development of (20.34 roots per cutting) 

when the concentration of P was 

abovethreshold (20 mg/L) with N value 

equaled to threshold (250 mg/L) in the 

combination of (20:250 mg/L) P:N. The 

latter case agrees, at least partially, with 

Haun and Cornell (1951) on geranium 

cuttings. They found that for 

enhancement of root initiation, N is 

necessary for nucleic acids biosynthesis, 

whereas, the presence of N below cut 

off, prevent root initiation. 

Consequently, supplying of N would 

promote rooting response. 
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15 
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16.79 16.31 15.985 
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Figure (1): Interaction between (P) and (N) on rooting 

response of fresh mung bean cuttings. 
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