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ABSTRACT  19 
 20 
The field experiment was conducted at the College Farm, Navsari Agricultural University, 

Navsari in the year 2015-16 and 2016-17 to study the direct and residual effect of 

phosphorus fertilizer with AM fungi in maize-green gram cropping sequence on nutrients 

content and uptake during 2015-16 and 2016-17. Application of phosphorus fertilizer SSP 

and RP (composted) alone or combined with AM fungi significantly increases the NPK 

content in maize grain and in straw during both years of the study and in the pooled analysis. 

The treatment 75%P as RP+AM (290.83, 251.36 and 266.19 %) increased total nitrogen 

uptake and 333.11, 345.44 and 340.35% total phosphorus uptake by maize (grain + straw) 

over control T2 during both the years as well as in pooled analysis, respectively. The total 

potassium uptake by maize (grain + straw) in treatment 75% P as RP+AM increased 231.1 

and 124.3 % over control T2 during the first year of the study and in pooled analysis, 

respectively and in the treatment 75% P as SSP+AM increased (92.67 %) of total potassium 

uptake by maize (grain + straw) over control T2 during the year 2016-17. Application of 

treatment 75% P as RP+AM applied to preceding rabi maize increased 425.14%, 320.03 

and 358.20 % of total nitrogen uptake 561.54, 377.78 and 450.24% of total phosphorus 

uptake and 290.21, 147.00 and 191.62% total potassium uptake by green gram (grain + 

stover) during 2015-16, 2016-17 and in pooled analysis respectively over control T2. 

 
 21 
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1. INTRODUCTION  28 
 29 

In India,  most of the soi ls  are ei ther  def ic ient or  marginal  in P status. 30 

Adequate P fer t i l izat ion is thus essent ia l  for economic and sustained crop 31 

product ion. Phosphorus def ic ient soi ls  require a high dose of  phosphat ic 32 

fer t i l izers which are imported and expensive. Also, the phosphorous 33 

fer t i l izers immediate conversion of  water-soluble P due to P f ixat ion resul ts 34 

in low fer t i l izer  use eff ic iency. Among the di f ferent inorganic P sources, 35 

s ingle super phosphate (SSP) is the most widely used phosphatic  fer t i l izers 36 

which supply P in water-soluble form in the immediate v ic in i ty of roots.  I ts  37 

importance as the most ef f ic ient  P fer t i l izer  source is  wel l  establ ished but  i t  38 

is very expensive and needs to be imported. I t  a lso suffers from the 39 

problem of f ixat ion in the long run. However,  India has vast  resources of 40 

indigenous rock phosphate (RP), unfor tunately,  most of  the RPs of  Indian 41 

or igin have the l imi tat ion of low P205 content and low react iv i ty and perform 42 

poor ly when appl ied direct ly to the neutral  soi l  and are not sui table for  the 43 

manufacture of phosphatic  fer t i l izer.  With the discovery of  several  deposits  44 

of  RP in the country,  interest  in the use of  th is  indigenous mater ia l  as 45 

al ternat ive phosphat ic  fer t i l izers has increased great ly.  Al though RP can 46 

effect ively replace water-soluble phosphates in acid soi ls ,  but i ts ef f ic iency 47 

in neutral ,  a lkal ine and calcareous soi ls  is  extremely low. To make i t  48 

ef fect ive in such soi ls  i t  is  being converted into water-soluble form by 49 

mixing with SSP or by part ia l  ac idulat ion with mineral  acids,  for  which 50 

sulphur is  being imported. 51 

Pulses are integral  part  of  Indian dietary system because of  i ts  52 

r ichness in proteins and other important nutr ients such as Ca, Fe, and 53 

v i tamins v iz. ,  carotene, th iamine, r ibof lavin and niacine.  Indian populat ion 54 

is  predominant ly vegetar ian and protein requirement for  the growth and 55 

development of  the human being is most ly met wi th pulses. Green gram is 56 

an important  pulse crop of  Indian as i t  is  grown an area of  3.44 mil l ion 57 

hectares with total  product ion of 1.4 mi l l ion tonnes and product iv i ty of  407 58 

kg/ha.  In India,  major green gram producing states are Odissa,  Madhya 59 

Pradesh, Rajasthan, Maharashtra,  Gujarat and Bihar.  In Gujarat,  i t  is  60 

cul t ivated in about 2.3 lakh hectares wi th an annual product ion of  1.21 61 

lakh tonnes and average product iv i ty of  526 kg/ha [3]. 62 

[23],  reported that  sorghum plant  inoculated wi th VAM recorded 63 

higher amount of  P,  K, Mg, Mn, S,  Ca, Fe, Cu and Zn than non-mycorrhizal  64 
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plants.  A part  from the fact  that  phosphorus f rom rock phosphate is 65 

solubi l ized dur ing composting and transformed into avai lable forms, 66 

enr ichment of  the compost wi th rock phosphate also accelerates i ts  rate of  67 

decomposi t ion [28]. The total  P,  water soluble P, c i trate soluble P, tota l  N 68 

and NO3-N content was also found to increase in the mature phospho-69 

compost,  [13].  [14],  Found that ni t rogen and phosphorus uptake by seed and 70 

stover as wel l  as the tota l  N and P2O5 by maize was found s igni f icant ly 71 

super ior  under the appl icat ion of 40 kg P2O5 ha- 1  over 20 kg P2O5 ha- 1 .   72 

2. MATERIAL AND METHODS  73 
The f ie ld exper iment was conducted at  the Col lege Farm, Navsari  74 

Agr icul tural  Univers i ty,  Navsar i  (Gujarat) ,  dur ing 2015-16 and 2016-17. 75 

Navsar i  is located 20  57’  N lat i tude and 72  54’  E longitudes, in the 76 

t ropical  region;  having an al t i tude of  10 meters above the mean sea level.  77 

The campus is  located at  3 km away towards west of  Navsar i  and 13 km 78 

away from the Arabian Sea towards east.  The c l imate of  this region is  79 

character ized by fa ir ly hot summer, moderately cold winter  and warm humid 80 

monsoon with heavy ra infal l .   81 

The soi l  of south Gujarat is  local ly known as “Deep Black Soi l ” .  The 82 

soi l  of  Navsari  campus is  c lassi f ied under the order Inceptisols  compr is ing 83 

of  f ine montmor i l loni t ic ,  isohyperthermic ,  fami ly of  Vert ic  Ustrochrepts  and 84 

soi l  ser ies Jalalpur by the soi l  survey of f icer,  Navsar i .  The important  85 

physicochemical  propert ies of  exper imental  soi l  at the in i t iat ion were 86 

presented in Table 1. Rabi maize as main plot  t reatments repl icated three 87 

t imes in randomized block design wi th 14 treatment.  During summer  season 88 

each main plot  treatment was spl i t  in to two sub plot  t reatments wi th two 89 

level  of  recommended dose of fer t i l izers viz . ,  F1  (75% RDF) and F2  (100% 90 

RDF) to green gram result ing in 28 treatment combinat ions repl icated three 91 

t imes in spl i t  p lot  design.  92 

Table1. Important  physicochemical  propert ies of  exper imental  soi l  (0-30 93 
cm) at  the in i t iat ion of the exper iment.    94 

Sr. 
No.  

Part iculars Values   
 2015-16 2016-17 Methods employed 

I  Physical properties  
 Mechanical separates %  

1 

Fine sand        20.1 20.32  

Coarse sand    1.76 1.66  

Si l t                15.95 15.89 Internat ional  p ipette method, [22]. 

Clay              61.70 62.13  

Textural  c lass Clay Clay  
2 Bulk densi ty 1.389 1.375 Black, [4]. 
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(g/cc) 
I I  Chemical properties  

1 pH  7.80 7.94 1:2.5 water suspension, [6] .  

2 EC  0.16 0.43 at  250C (1:2.5)  dS/m, [6] .  

3 
Organic carbon    
% 

0.440 
0.45 Rapid t i t rat ion method ,  [29]. 

4 
Avai lable N      
kg/ha 

206.5 
209.3 Alkal ine permanganate method, 

[26] .  

5 
Avai lable P2O5    

kg/ha 
31.20 

38.30 0.5 M Na HCO3, pH= 8.5,  [18] .  

6 
Avai lable K2O   
kg/ha 

323.2 
274.9 Neutral  ammonium acetate, [15] .

I I I  DTPA extractible micronutrients (mg/kg) 
7 Fe               18.70 19.60  
8 Mn              16.80 19.10 DTPA method, [12]. 
9 Zn               0.489 0.521  
10 Cu               0.491 0.632  
 95 

Table 2.  Detai l  of  the treatments evaluated in rabi maize and summer green 96 

gram  97 

Trea tmen t  
No .  

T rea tmen ts  de ta i l s   T rea tmen t  code  

Ma in  p lo t  t rea tmen t  
T 1  Rab i  Fa l l ow (No  maize  c rop ,  abso lu te  con t ro l )  Rab i  f a l l ow 
T 2  Con t ro l  (w i thou t  phosphorus  and  AM)  con t ro l  
T 3  50  pe rcent  o f  phosphorus  f rom rock  phosphate  

( compos ted )  
50% P  as  RP 

T 4  50  pe rcent  o f  phosphorus  f rom rock  phosphate  
( compos ted )  +  A rbuscu la r  mychor r i zae  

50% P  as  RP +AM 

T 5  50  pe rcen t  o f  phosphorus  f rom s ing le  supper  phosphate  
( compos ted )   

50% P  as  SSP 

T 6  50  pe rcen t  o f  phosphorus  f rom s ing le  supper  phosphate  
( compos ted )  +  A rbuscu la r  mychor r i zae  

50% P  as  SSP+AM 

T 7  75  pe rcent  o f  phosphorus  f rom rock  phosphate  
( compos ted )  

75% P  as  RP 

T 8  75  pe rcent  o f  phosphorus  f rom rock  phosphate  
( compos ted )+  Arbuscu la r  mychor r i zae  

75% P  as  RP+AM 

T 9  75  pe rcen t  o f  phosphorus  f rom s ing le  supper  phosphate  
( compos ted )  

75% P  as  SSP 

T 1 0  75  pe rcen t  o f  phosphorus  f rom s ing le  supper  phosphate  
( compos ted )+  Arbuscu la r  mychor r i zae  

75% P  as  SSP+AM 

T 1 1  100  pe rcen t  o f  phosphorus  f rom rock  phosphate  
( compos ted )  

100% P as  RP 

T 1 2  100  pe rcen t  o f  phosphorus  f rom rock  phosphate  
( compos ted )+  Arbuscu la r  mychor r i zae  

100% P  as  RP+AM 

T 1 3  100  pe rcen t  o f  phosphorus  f rom s ing le  supper  phospha te  
( compos ted )  

100% P as  SSP 

T 1 4  10  pe rcen t  o f  phosphorus  f rom s ing le  supper  phosphate  
( compos ted )+  Arbuscu la r  mychor r i zae  

100  % P as  SSP+AM 

Sub  p lo t  t rea tmen ts  
F 1  75  pe rcen t  o f  recommended  dose  o f  fe r t i l i ze r   75% RDF 
F 2  100  pe rcen t  o f  recommended  dose  o f  fe r t i l i ze r  100% RDF 
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Note:   Appl ied fer t i l izer  for  rabi  maize crop 120:60:00 NPK kg/ha wi th or  98 

wi thout of Arbuscular  mychorr izae 250g/ha which have 70 percent raw 99 

mater ia ls  and 30 % VAM 3000 infected propagates/g and two level of  100 

recommended dose of  fer t i l izer for  summer green gram though 20:40:00 NPK 101 

kg/ha.  102 

Table-3:  In i t ia l  propert ies of  the rock phosphate enr iched compost  and bio-103 
compost  104 

The ni trogen was appl ied through urea (46% N) whereas phosphorus was 105 

appl ied through s ingle superphosphate (16% P2O5) and rock phosphate was 106 

appl ied as basal  on the base of  8% total  phosphorus content for  increasing 107 

the ef fect iveness of  RP on alkal ine soi l  the i t  was composted wi th organic 108 

matter (Cowden) in 1:15 rat io along wi th PSB (Baci l lus megatherium)  for  45 109 

day (Table 3) .  A common dose of  organic manures (bio-compost at  @ 15 110 

t /ha)  appl ied to  al l  t reatments before sowing of  rabi  maize and evenly 111 

spread and mixed in that part icular  bed. The propert ies of  the bio-compost 112 

and rock phosphate enr iched compost ment ioned in the Table.3.  Per iodical  113 

plant samples were dr ied at  about 60° C and their  dry weight was recorded 114 

the tota l  PK content in the extract  (10HNO3: 4HClO4) extract ion was 115 

determined by using Micro plasma-atomic emission spectroscopy (MP-AES) 116 

[11].  In case of tota l  N, plant sample was analyzed by micro-kjeldhal  117 

assembly according to procedure out l ined by [7]. The data on var ious 118 

var iables were analyzed by using stat is t ical  procedures and pooled analysis 119 

of  the preceding rabi  maize analyzed for two years was worked out as per 120 

the standard method [19].  121 

3. RESULTS AND DISCUSSION 122 
 123 
3.1      NPK content (%) and uptake by maize  124 

From appraisal  of  data presented in Table-4,  i t  could be seen that 125 

the tota l  n i t rogen content in maize grain was found signi f icant due to the 126 

Parameters Rock phosphate enr iched compost Bio-compost  

Propert ies 2015-16 2016-17 2015-16 2016-17 
pH  7.3 7.1 6.30 6.10 
EC dS/m 2.11 2.09 0.491 0.501 
Organic carbon % 26.67 29.05 32.66 33.55 
Total   P            % 8.00 8.00 0.34 0.32 
Avai lable N      % 0.49 0.45 2.42 2.12 
Avai lable K      % 0.88 0.90 1.45 1.65 
Fe          mg/kg 143.9 142.4 0.21 0.32 
Mn         mg/kg 86.00 83.99 98.6  87.5  
Zn          mg/kg 44.55 33.89 24.4  26.3  
Cu          mg/kg 18.33 11.33 1.34 1.56 
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di f ferent  phosphorus fer t i l izer  treatments.  The s igni f icant ly h igher value of  127 

ni trogen content in maize grain was recorded 1.095 % under T1 1  t reatment,  128 

which was at  par wi th T4,  T5,  T8,  T1 2 ,  T1 3  and T1 4  t reatments dur ing the 129 

2015-16. In the case of  second year 2016-17 and in pooled analysis 130 

s igni f icant ly h igher n i t rogen (1.105 and 1.070 %) was recorded under 131 

treatment T8 which was at  par wi th al l  phosphorus fer t i l izer  t reatments 132 

barr ing T2 and T7  in year 2016-17 and T2,  T6,  T7,  T9  and T1 0  dur ing pooled 133 

analysis.  The resul ts in Table-5,  showed that  n i trogen content  in maize 134 

straw was inf luenced signi f icant ly by di f ferent t reatments appl ied to rabi  135 

maize crop. The ni t rogen content  in maize straw was s igni f icant ly h igher 136 

(0.564, 0.545 and 0.554 %) wi th appl icat ion of  75 %P as RP 137 

(composted)+AM (T8) dur ing both the years as wel l  as  in pooled analys is 138 

respect ively,  which was at  par with a l l  t reatments barr ing T2 and T7 139 

treatments dur ing 2015-16. In the year 2016-17, t reatment T8 was 140 

stat is t ical ly at  par  among the other phosphorus appl ied fer t i l izer  t reatments 141 

except control  T2,  T7,  T9,  and T1 0 t reatments.  Simi lar ly in pooled analys is T8 142 

t reatment was at  par wi th al l  t reatments under the study barr ing T2,  T3, T7,  143 

T9 and T1 0  t reatments. 144 

The data presented in Table-4,  the s igni f icant ly h igher total  145 

phosphorus registered in maize grain was due to appl icat ion of 100%P as 146 

SSP+AM (T1 4 ,  0 .381%) treatment which was stat is t ical ly at par  wi th 50% P 147 

as RP +AM, 50% P as SSP+AM, 75% P as RP, 75% P as RP+AM, 75% P as 148 

SSP, 75% P as SSP+AM, 100% P as RP, 100% P as RP+AM and 100% P as 149 

SSP treatments dur ing 2015-16. In the case of  second year,  s igni f icant ly 150 

higher total  phosphorus content in maize grain  was recorded in treatment 151 

100% P as RP+AM (T1 2 ,  0 .330 %) which was stat is t ical ly at  par  wi th a l l  152 

phosphorus fer t i l izer  appl ied treatments barr ing control  and 50% P as 153 

SSP+AM. Whi le in pooled analys is,  s igni f icant ly h igher phosphorus content 154 

in maize grain was found to be 0.346 % in treatment 100 % P as SSP+AM 155 

which was stat is t ical ly at  par wi th al l  t reatments except for  control ,  50% P 156 

as RP, 50% P as RP +AM, 50% P as SSP, 50% P as SSP+AM, 75% P as RP 157 

and 75% P as SSP. Signi f icant ly lower total  phosphorus content in plant 158 

was observed 0.118, 0.104 and 0.111 % in control  p lots and maximum 159 

under 100 % P as SSP+AM (T1 4 ,  0 .213, 0.204 and 0.209 %) in the years 160 

2015-16, 2016-17 and in pooled analysis,  respect ively.  Treatment 100 % P 161 

as SSP+AM (T1 4)was at  par wi th al l  phosphorus fer t i l izer  t reatments except 162 
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t reatments control  (T2 ,  0 .118%) and 50% P as SSP (T5 ,  0 .180%) in f i rs t  163 

year,  treatment control  (T2 ,  0 .104%) in second year and treatments control  164 

(T2 ,  0.111%), 50% P as SSP (T5 ,  0.183%), 75% P as SSP (T9 ,  0.190%) and 165 

100% P as SSP (T1 3 ,  0.191%) in pooled analysis (Table-5) .  166 

The potassium content in maize grain 2015-16 and pooled analys is 167 

was found to be non s igni f icant.  In the case of  second year,  s igni f icant ly 168 

higher potassium (K) content in maize grain was obtained under treatment 169 

75% P as SSP+AM (T1 0 ,  0 .593 %) which was stat is t ical ly  at  par wi th 170 

treatment 100% P as SSP (T1 3 ,  0 .507 %) (Table-4).  This due to fact  that 171 

appl icat ion of  phosphorus fert i l izer  maintained higher phosphorus 172 

avai labi l i ty to maize which promotes the root  growth and other part  of  the 173 

plant  and increased N and P content  in maize grain and straw. The 174 

benef ic ia l  ef fect  of  phosphorus fer t i l izer  SSP, RP alone or  combinat ion wi th 175 

AM fungi  increased NPK content  in maize grain and straw over no 176 

phosphorus fer t i l izer  these result  are in accordance wi th the f inding of  [27] 177 

and [26], [17], [2] and [16].   178 

Table 4:  Nutr ient  (NPK) content  in maize grain   179 

T1=Rabi  Fallow (No maize crop,  absolute  control) .  180 
 181 
 182 
 183 
 184 
 185 

Treatment 

Ni trogen (%) Phosphorus (%)  Potassium (% )  

2015-16 2016-17 
Pooled

2015-16 2016-17
Pooled

2015-16 2016-17
Pooled 

 
T2 0.667 0.624 0.646 0.168 0.104 0.136 0.229 0.413 0.321
T3 0.923 0.969 0.946 0.247 0.245 0.246 0.276 0.453 0.365
T4 1.010 0.939 0.975 0.300 0.263 0.281 0.194 0.487 0.340
T5 0.997 1.014 1.005 0.232 0.236 0.234 0.192 0.440 0.316
T6 0.903 0.960 0.932 0.326 0.207 0.267 0.216 0.420 0.318
T7 0.900 0.852 0.876 0.281 0.235 0.258 0.236 0.380 0.308
T8 1.034 1.105 1.070 0.333 0.284 0.309 0.239 0.460 0.350
T9 0.877 0.962 0.920 0.289 0.231 0.260 0.237 0.447 0.342

T10 0.868 0.908 0.888 0.306 0.279 0.292 0.196 0.593 0.395
T11 1.095 1.004 1.050 0.287 0.287 0.287 0.223 0.473 0.348
T12 1.008 1.011 1.010 0.327 0.330 0.329 0.276 0.413 0.345
T13 0.934 0.999 0.967 0.320 0.245 0.283 0.180 0.507 0.343
T14 0.936 1.094 1.015 0.381 0.312 0.346 0.242 0.430 0.334

S.Em.± 0.055 0.069 0.044 0.035 0.037 0.026 0.024 0.033 0.037
C.D. at  5 % 0.163 0.203 0.127 0.102 0.109 0.073 NS 0.098 NS
YXT S.Em.± — — 0.017  —  — 0.036 —  — 0.005
C.D. at  5 % — — NS  —  — NS —  — 0.014

C.V. % 10.40 12.60 11.60 9.50 6.20 7.70 8.70 9.90 9.00
General  mean 0.935 0.957 0.946 0.292 0.251 0.271 0.226 0.455 0.340
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Table 5:  Nutrient (NPK) content in maize straw  186 

 187 
The highest  tota l  ni t rogen uptake (Fig.1 A) by maize was observed 188 

under treatment T8 dur ing the f i rst  year of the study and in pooled analys is.  189 

Whi le in the case of second year of  the study the total  n i trogen uptake by 190 

maize was s igni f icant ly h igher under treatment T8 which was at  par with 191 

treatments T5 and T1 4 .  The total  ni trogen uptake in the treatment T8  192 

increased (290.83, 251.36 and 266.19 %) over control  (T2)  dur ing both the 193 

years as wel l  as in pooled analys is,  respect ively.   194 

The appl icat ion of  phosphorus fert i l izer  a lone or  a long wi th AM fungi 195 

increased the tota l  phosphorus uptake in maize crop over control  T2 .  196 

Signi f icant ly h igher total  phosphorus uptake by maize was observed in 197 

t reatment 75% P as RP+AM (T8 ,  19.36, 25.39 and 22.37 kg/ha),  which was 198 

333.11, 345.44 and 340.35% more than control  T2 dur ing both the year as 199 

wel l  as in pooled analysis respect ively (Fig.1 B).  Total  potassium uptake by 200 

maize in t reatment 75% P as RP+AM (T8)  recorded (231.1 and 124.3 %) 201 

increased over control  T2  dur ing f i rs t  year of  the study and in pooled 202 

analysis,  respect ively and in the t reatment 75% P as SSP+AM (T1 0 ,  92.67 203 

%) increased over control  T2 dur ing 2016-17 year (Fig.1 C).  This could be 204 

at tr ibuted to the fact  that added phosphorus increased N and P 205 

concentrat ion in grain and stover by provid ing balanced nutr i t ional 206 

environment ins ide the plant and higher photosynthet ic  ef f ic iency, which 207 

Treatment 

Nitrogen (%) Phosphorus (% ) Potassium (%) 
2015-

16 2016-17 Pooled 2015-16 2016-17 
Pooled  

2015-16 2016-17 Pooled 

T2 0.324 0.296 0.310 0.118 0.104 0.111 0.614 1.140 0.877 
T3 0.507 0.440 0.474 0.190 0.193 0.192 0.701 1.380 1.040 
T4 0.504 0.497 0.501 0.197 0.192 0.194 0.805 1.227 1.016 
T5 0.541 0.482 0.512 0.180 0.186 0.183 0.900 1.087 0.994 
T6 0.515 0.463 0.489 0.198 0.196 0.197 0.821 1.400 1.110 
T7 0.460 0.416 0.438 0.195 0.191 0.193 0.621 1.167 0.894 
T8 0.564 0.545 0.554 0.203 0.197 0.200 1.035 1.113 1.074 
T9 0.515 0.404 0.460 0.190 0.189 0.190 0.861 1.133 0.997 
T10 0.478 0.409 0.443 0.195 0.197 0.196 0.757 1.087 0.922 
T11 0.536 0.521 0.529 0.188 0.198 0.193 0.832 1.147 0.989 
T12 0.540 0.470 0.505 0.202 0.198 0.200 0.794 1.147 0.970 
T13 0.522 0.478 0.500 0.190 0.192 0.191 0.774 1.233 1.004 
T14 0.559 0.532 0.546 0.213 0.204 0.209 0.788 1.313 1.051 
S.Em.± 0.035 0.037 0.025 0.0102 0.010 0.006 0.101 0.087 0.067 
C.D. at 5 % 0.103 0.108 0.072 0.030 0.019 0.017 NS NS NS 
YXT S.Em.± — — 0.010 — — 0.007 — — 0.005 
C.D. at 5 % — — NS — — NS — — NS 
C.V. % 12.00 9.90 9.00 8.55 9.66 8.92 6.10 12.60 6.40 
General mean 0.505 0.451 0.481 0.189 0.189 0.188 0.792 1.190 0.995 
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favoured growth and crop yie ld. Since,  the uptake of nutr ients is a funct ion 208 

of  dry matter  (grain and stover)  and nutr ient content ,  the increased grain 209 

and stover y ield together with higher NPK and content resul ted in greater 210 

uptake of  these elements.  Appl icat ion of P wi thout or  wi th Mychorr iza  211 

inoculat ion signi f icant ly increased the uptake of  N, P and K by maize over 212 

control .  A sml ir  reported by [25], [7] and [2]. 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

Fig-1:  Total  NPK uptake by rabi  maize as  inf luenced by different  t reatment 224 

(A)  Total  N uptake,  (B) Total  P  uptake (C) Total  K uptake 225 

3.2 NPK content (%) and uptake by green gram  226 

3.2.1 Residual effect 227 

The data regarding to NPK content in green gram seeds, s tover and 228 

pod cover presented in Table-6,  Table-7, Table-8.  Signi f icant ly higher 229 

ni trogen content  in green gram seeds was recorded wi th the appl icat ion of 230 

t reatment 75%P as RP+AM (T8 ,  2 .152, 2.546 and 2.349%) dur ing year 2015-231 

16, 2016-17 and in pooled analys is respect ively.  In the case of green gram 232 

stover ni t rogen content was observed signi f icant ly h igher under t reatment 233 

75% P as SSP (T9 ,  1 .056 and 1.208 %) dur ing f i rst  year of  the study and in 234 

pooled analysis,  respect ively  and in the year 2016-17 ni trogen content was 235 

recorded signi f icant ly h igher in t reatment 50% P as SSP T5 ,  1 .418 % 236 
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(Table-6).The resul ts might be due to the appl icat ion of residual ef fect 237 

phosphorus fer t i l izer to previous  rabi  maize and respect ive rate of  RDF to 238 

summer green gram which was higher removal  of  N and P might be due to 239 

better  development of  root  growth which was fur ther increased signi f icant ly 240 

N content in green gram seeds and stover.  Simi lar  resul ts were also 241 

reported by [13] in green gram. 242 

Table.6:  Nitrogen content  seeds,  stover and pod cove of  green gram  243 

 244 

Signi f icant ly h igher phosphorus content in green gram seeds was 245 

recorded wi th appl icat ion of  100% P as RP (T1 1)  in the f i rs t  year and 246 

t reatments 75% P as SSP+AM T(1 0)  and 75% P as RP+AM (T8)  dur ing 2016-247 

17 and pooled analys is respect ively.  Simi lar ly s igni f icant ly h igher 248 

phosphorus content  in green gram stover was found (0.423 and 0.395%) in 249 

the treatment 75% P as RP+AM (T8)  dur ing 2015-16 and in pooled analys is 250 

whi le second year in t reatment 100% P as RP (T1 1 ,  0.379 %). Signi f icant ly 251 

higher phosphorus content in green gram pod cover was recorded under 252 

t reatment 75% P as RP+AM (T8 ,  0.466 and 0.486 %) dur ing f is t  and second 253 

years whi le in pooled analys is resul t  indicated that  the s igni f icant ly h ighest 254 

Treatment 
Ni trogen in seeds (%) Ni trogen in stover (%)  Ni trogen in pod cover (%) 

2015-16 2016-17 Pooled 2015-16 2016-17 Pooled 2015-16 2016-17 Pooled
T1 1.500 1.447 1.474 0.609 1.422 1.016 0.799 0.915 0.857
T2 1.113 1.390 1.252 0.600 0.659 0.630 0.619 0.760 0.689
T3 1.780 2.080 1.930 0.958 1.284 1.121 0.770 0.854 0.812
T4 1.860 2.292 2.076 0.872 1.196 1.034 0.795 0.960 0.878
T5 1.914 2.403 2.159 0.952 1.418 1.185 0.764 0.969 0.866
T6 2.021 2.487 2.254 0.891 1.256 1.074 0.874 0.955 0.915
T7 1.924 2.411 2.167 0.925 1.268 1.097 0.777 0.852 0.814
T8 2.152 2.546 2.349 1.054 1.245 1.150 0.813 0.911 0.862
T9 2.049 2.283 2.166 1.056 1.359 1.208 0.800 0.856 0.828
T1 0 1.957 1.895 1.926 0.890 1.336 1.113 0.815 0.949 0.882
T1 1 1.826 2.384 2.105 0.973 1.116 1.045 0.800 0.879 0.840
T1 2 1.971 2.487 2.229 0.922 1.166 1.044 0.783 0.901 0.842
T1 3 1.668 2.303 1.985 0.780 1.196 0.988 0.727 0.894 0.810
T1 4 1.537 2.402 1.970 0.761 1.090 0.926 0.689 0.820 0.755
S.Em.± 0.155 0.201 0.235 0.070 0.103 0.042 0.065 0.07 0.030
C.D. at  5 % 0.451 0.584 0.360 0.230 0.298 0.184 NS NS NS
C.V. % 6.08 4.77 5.70 5.40 6.3 4.68 2.43 5.79 5.56
F1 1.807 2.219 2.013 0.858 1.191 1.025 0.769 0.907 0.838
F2 1.804 2.183 1.993 0.891 1.239 1.065 0.777 0.875 0.826
S.Em.± 0.049 0.030 0.028 0.02 0.026 0.02 0.022 0.015 0.01
C.D. at  5 % NS NS NS NS NS NS NS NS NS
T×F S.Em.± 0.184 0.113 0.15 0.07 0.110 0.07 0.082 0.057 0.05
C.D. at  5 % NS NS NS NS NS NS NS NS NS
C.V. % 4.27 2.99 3.9 3.58 4.35 2.37 1.44 3.1 4.74
General  mean 1.803 2.182 2.002 0.891 1.230 1.044 0.777 0.874 0.832
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value of  phosphorus content in pod cover was found under T8  (0.476 %) 255 

treatment (Table-7).  I t  might  be due to the residual  ef fect of  d i f ferent 256 

phosphorus fert i l izers SSP and RP alone and combined with AM to 257 

preceding rabi  maize which were more avai labi l i ty of  phosphorus in soi l  258 

which had residual  fer t i l i ty  s tatus increased signi f icant ly phosphorus 259 

content in green gram grain, s tover and pod cover.  The results  are in 260 

agreement wi th the f inding [20] and [21].  261 

Table.7:  Phosphorus content in seeds, s tover and pod cover of  green gram  262 

Treatment 
Phosphorus in seeds (%) Phosphorus in stover (%) Phosphorus in pod cover (%)

2015-16 2016-17 Pooled 2015-16 2016-17 Pooled 2015-16 2016-17 Pooled
T1 0.260 0.322 0.291 0.225 0.198 0.211 0.130 0.118 0.124
T2 0.263 0.234 0.248 0.138 0.156 0.147 0.110 0.098 0.104
T3 0.350 0.435 0.393 0.312 0.327 0.319 0.328 0.307 0.317
T4 0.361 0.459 0.410 0.302 0.353 0.328 0.358 0.337 0.348
T5 0.367 0.412 0.389 0.288 0.334 0.311 0.340 0.317 0.328
T6 0.341 0.398 0.370 0.272 0.320 0.296 0.337 0.313 0.325
T7 0.361 0.429 0.395 0.293 0.377 0.335 0.364 0.345 0.355
T8 0.436 0.441 0.439 0.423 0.368 0.395 0.466 0.486 0.476
T9 0.371 0.447 0.409 0.298 0.330 0.314 0.388 0.408 0.398
T10 0.352 0.493 0.422 0.344 0.366 0.355 0.369 0.359 0.364
T11 0.443 0.420 0.432 0.347 0.379 0.363 0.376 0.366 0.371
T12 0.339 0.373 0.356 0.302 0.343 0.322 0.354 0.366 0.360
T13 0.360 0.419 0.390 0.349 0.373 0.361 0.367 0.379 0.373
T14 0.361 0.386 0.374 0.261 0.351 0.306 0.371 0.383 0.377
S.Em.± 0.034 0.038 0.025 0.026 0.042 0.024 0.034 0.034 0.023
C.D. at  5 % 0.098 0.109 0.071 0.075 0.120 0.069 0.098 0.098 0.067
C.V. % 3.6 4.2 3.6 3.9 3.2 2.3 2.4 3.2 2.9
F1 0.356 0.412 0.384 0.304 0.328 0.316 0.327 0.322 0.324
F2 0.353 0.397 0.375 0.289 0.326 0.308 0.338 0.333 0.336
S.Em.± 0.013 0.009 0.034 0.008 0.013 0.010 0.011 0.020 0.033
C.D. at  5 % NS NS NS NS NS NS NS NS NS
T×F S.Em.± 0.049 0.035 0.037 0.028 0.470 0.026 0.041 0.430 0.011
C.D. at  5 % NS NS NS NS NS NS NS NS NS
C.V. % 2.7 2.8 2.4 2.3 2.3 1.9 1.9 2.1 1.6
General mean 0.355 0.405 0.380 0.297 0.327 0.312 0.333 0.327 0.330

 263 

Signi f icant ly h igher potassium content in green gram seeds was 264 

recorded wi th appl icat ion 75% P as RP+AM (T8 ,  0 .  876, 1.040 and 0.958 %) 265 

dur ing f i rs t ,  second and in pooled analys is respect ively,  (Table-8) .  266 

This might be due the adequate supply of potassium supplemented 267 

by the benef ic ia l  residual  ef fects viz . ,  mineral izat ion and slow release of 268 

nutr ients by rock phosphate and synergist ic  ef fect  of  balance P fer t i l izat ion 269 

resul t ing in h igher potassium concentrat ion in seeds. [10], reported that rock 270 

phosphate wi th organic manure increased the uptake of  major  nutr ients l ike 271 

N, P, K, Ca and Mg. 272 

 273 
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 Table.8:  Potassium content in seeds, s tover and pod cover of  green gram  274 

 275 

Appl icat ion of  t reatment 75% P as RP+AM (T8)  to appl ied preceding 276 

rabi  maize increased (425.14%, 320.03 and 358.20 %) of  tota l  n i t rogen 277 

uptake, (561.54,  377.78 and 450.24%) of  tota l  phosphorus uptake and 278 

(290.21, 147.00 and 191.62%) tota l  potassium uptake by green gram 279 

(grain+ stover)  dur ing 2015-16, 2016-17 and in pooled analysis respect ively 280 

over control  T2 (Fig-2 A, B and C). 281 

This might be due the adequate supply of  P supplemented by the 282 

benef ic ia l  residual  effects of  the phosphorus fer t i l izer  a long wi th AM viz . ,  283 

mineral izat ion and s low release of  nutr ients from organic matter  l ike bio-284 

compost and higher organic carbon content and these nominated 285 

treatments which improved physiochemical  propert ies of soi l  and 286 

synergist ic ef fect of phosphorus fer t i l izat ion resul t ing in higher NPK 287 

concentrat ion and uptake by seeds and stover.  On the other hand this 288 

because of more avai labi l i ty of  nutr ient provided from di f ferent phosphorus 289 

management treatments; higher NPK uptake was obviously due to more 290 

seeds and stover y ie ld.  Simi lar  appl icat ion of  phosphorus fer t i l izer 291 

Treatment 
Potassium in seeds (%) Potassium in stover (%) Potassium in pod cover (%)

2015-16 2016-17 Pooled 2015-16 2016-17 Pooled 2015-16 2016-17 Pooled
T1 0.648 0.980 0.814 0.724 1.007 0.866 0.883 0.803 0.843
T2 0.538 0.867 0.702 0.656 0.997 0.827 0.923 0.843 0.883
T3 0.808 1.017 0.912 0.780 1.030 0.905 0.930 0.850 0.890
T4 0.799 0.953 0.876 0.755 0.937 0.846 0.913 0.833 0.873
T5 0.782 0.870 0.826 0.744 0.990 0.867 0.920 0.840 0.880
T6 0.779 1.013 0.896 0.782 1.097 0.939 0.890 0.810 0.850
T7 0.815 0.980 0.898 0.761 0.973 0.867 0.863 0.783 0.823
T8 0.876 1.040 0.958 0.846 1.090 0.968 0.877 0.797 0.837
T9 0.845 1.010 0.928 0.858 1.103 0.981 0.913 0.833 0.873
T10 0.803 1.007 0.905 0.762 0.937 0.849 0.913 0.833 0.873
T11 0.831 0.980 0.906 0.751 0.830 0.790 0.943 0.863 0.903
T12 0.786 0.963 0.875 0.739 0.833 0.786 0.943 0.863 0.903
T13 0.696 1.027 0.862 0.586 0.893 0.740 0.850 0.770 0.810
T14 0.707 0.913 0.810 0.673 1.040 0.857 0.883 0.803 0.843
S.Em.± 0.055 0.037 0.032 0.09 0.068 0.055 0.034 0.038 0.017
C.D. at  5 % 0.159 0.107 0.093 NS NS NS NS NS NS
C.V. % 7.47 8.26 3.12 6.73 9.87 5.64 5.16 5.15 6.63
F1 0.759 0.986 0.873 0.746 0.961 0.854 0.904 0.824 0.864
F2 0.771 0.960 0.865 0.742 1.004 0.873 0.902 0.822 0.862
S.Em.± 0.023 0.017 0.014 0.024 0.03 0.02 0.014 0.014 0.013
C.D. at  5 % NS NS NS NS NS NS NS NS NS
T×F S.Em.± 0.085 0.064 0.09 0.088 0.027 0.079 0.051 0.052 0.051
C.D. at  5 % NS NS NS NS NS NS NS NS 9.29
C.V. % 4.21 5.44 2.01 2.58 7.10 4.23 3.91 4.87 5.37
General mean 0.771 0.959 0.890 0.769 0.874 0.832 0.904 0.822 0.863
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increased uptake of  NPK by green gram [9],  [24] r ice-green gram cropping 292 

system and [20] reported from  khar i f  green gram.  293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

Fig-2:  Total  NPK uptake by summer green gram as inf luenced by di f ferent 303 

treatment 304 

(A)  Total N uptake, (B) Total P uptake (C) Total K uptake 305 

 306 

3.2.2 Direct effect  307 

The data regarding NPK content in green gram seeds stover and pod 308 

cover were presented in (Table-6,  Table-7, Table-8) and NPK uptake (Fig 309 

5.14).  NPK content and uptake was non-s igni f icant ef fect  between 75% 310 

RDF (F1)  and 100% RDF (F2) .  The results  were c losely re lated to ear ly  311 

f indings by [1], [21],  [5] and [8]. in green gram they also found that  appl icat ion 312 

75% RDF and 100% RDF among the NPK content and uptake by summer 313 

green gram seed and stover at  par wi th each other.   314 

4. CONCLUSION  315 
From the current s tudy, i t  can be concluded that the treatment 316 

75%P as RP+AM (290.83, 251.36 and 266.19 %) increased tota l  n i t rogen 317 

uptake and (333.11, 345.44 and 340.35%) tota l  phosphorus uptake by 318 

maize (grain + straw) over control  T2 dur ing both the years as wel l  as in 319 
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pooled analysis,  respect ively.  The tota l  potassium uptake increased (231.1 320 

and 124.3 %) over control  T2  dur ing the f i rst  year of  the study and in pooled 321 

analysis,  respect ively and in the treatment,  75% P as SSP+AM increased 322 

(92.67 %) of  tota l  potassium uptake by maize (grain + straw) over control  323 

T2 dur ing the 2016-17 year.  Appl icat ion of t reatment 75% P as RP+AM to 324 

appl ied preceding rabi  maize increased (425.14%, 320.03 and 358.20 %) of  325 

total  n i trogen uptake, (561.54,  377.78 and 450.24%) of  tota l  phosphorus 326 

uptake and (290.21,  147.00 and 191.62%) total  potassium uptake by green 327 

gram (grain+ stover) dur ing 2015-16, 2016-17 and in pooled analysis 328 

respect ively over control  T2.  The NPK content and uptake by seeds, s tover 329 

and pod of green gram were non-signi f icant under 75% RDF (F1)  and 100% 330 

RDF (F2)  to summer green gram.   331 

  Appl icat ion of  phosphorus to rabi  maize at (45kg P2O5 /ha) through 332 

SSP+AM or RP (composted) +AM and appl icat ion of  75% RDF (15-333 

30-00kg N-P-K/ha) to summer green gram can achieve higher 334 

product iv i ty of cropping system and higher nutr ient  content and 335 

uptake by rabi  maize and summer green gram under South Gujarat 336 

condi t ion.    337 

  Rock phosphate should be used along wi th AM fungi which have 338 

more benefic ial  ro le between plants and soi l  environment.  339 

 340 

Ethical approval and consent: NA 341 
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