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o f these products in  the perspective o f  the upcom ing  GEO 
Im aging Satellite (G ISA T) m issions is also being  
planned. G ISA T is an  Ind ian  geo-im aging satellite fo r 
provid ing  im ages qu ick ly  during  disasters.
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In tree species classifications, different spectral bands 
feature different importance, and the manner of 
determining the importance of one band is a problem 
that needs to be solved. In this study, eight bands of 
the WorldView-2 fusion data were used as informa
tion sources, and a recursive feature elimination based 
on maximum likelihood (MLC-RFE) was used to sort 
the importance of these bands. According to the 
results, the importance of the eight bands was sorted 
as follows (from important to unimportant): near- 
infrared 2 > red edge > yellow > red > near-infrared
1 > coastal blue > green > blue. The poorest band 
combination yielded the lowest overall accuracy (OA) 
and Kappa coefficient (40.9153%; 0.3080), whereas 
the optimal band combination presented the highest 
OA and Kappa coefficient (74.5479%; 0.7029), indi
cating the large difference in accuracies between the 
optimal and poorest band combinations. Therefore, 
selecting important bands bears significance in tree 
species classifications. The MLC-RFE method signifi
cantly solved the band selection problem. Thus, this 
method should be extended to more complex feature 
selections.

Keywords: Bands im portance, m axim um  likelihood, 
recursive feature elim ination , tree classification , W orld 
V iew-2.

TREE species classification  based  on  im age rem ains an 
unso lved  problem , and it is also a hot topic causing con
cern  in  researchers1,2. Thus far, num erous scholars con
sider W orldV iew -2 o r W orldV iew -2 com bined w ith  
IKO N O S, Q uickbird, L idar and other data as data sources 
to c lassify  tree species. T hey  use classifiers o f  decision  
trees, random  forests, linear d iscrim inant analysis, partial 
least squares d iscrim inant analysis, m axim um  likelihood 
and support vec to r m achines to d istinguish  native tree 
species and other g round types. The overall accuracy 
(OA) o f  these classification  results is betw een  82%  and 
94% , ind icating  tha t related  studies have acquired  better 
resu lts3-11. H ow ever, g iven  the lack o f  sufficient spectral 
inform ation, m apping forest types and tree species using
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Table 1. WorldView-2 band parameters

Band number Band name Spatial resolution (m) Wavelength range (pm)

1 Coastal blue 2.0 0.400-0.450
2 Blue 0.450-0.510
3 Green 0.510-0.580
4 Yellow 0.585-0.625
5 Red 0.630-0.690
6 Red edge 0.706-0.745
7 Near-infrared 1 0.770-0.895
8 Near-infrared 2 0.860-1.040
9 Panchromatic 0.5 0.450-0.800

high-spatial-reso lu tion  satellite data  has not reached an 
acceptable level o f  accuracy. In  im age classification, poor 
band  com binations may resu lt in  a rem arkably low classi
fica tion  accuracy, b u t an  optim al b and  com bination  can  
ob ta in  the b es t classification  results. Therefore, to 
exclude un im portan t bands and reta in  im portan t bands, 
optim al classification  b and  sets m ust be ob ta ined ; such 
condition  w ill serve as a m eaningful operation  fo r im age 
classification.

W orldV iew -2 features eight bands. C om pared to con
ven tional h igh-spatial-reso lu tion  rem ote sensing im ages 
and in  addition  to the red, green, b lue and near infrared  1 
bands, W orldV iew -2 also contains additional bands, such 
as coastal blue, yellow , red edge and near in frared  2 
bands. These new ly added bands m ay play an  im portant 
role in  tree species classification. H ow ever, in  the new ly 
added fou r bands and the trad itional fo u r bands, the 
im portant and un im portan t ones rem ain  unknow n. Thus, 
experim ents m ust be perform ed to explore this topic. As 
few  people have considered  the im portance o f  each  band  
in  tree species classification, in  th is study, the eight 
m ulti-spectral bands o f  W orldV iew -2 im ages w ere used 
as signal sources. A  recursive feature elim ination  based  
on  m axim um  likelihood (M L C -R FE) w as used  to im ple
m ent recursive filte ring  o f  the eigh t spectral bands after 
im age fusion. The goals w ere to verify  the im portance o f  
each  band  in  tree species classification  and to provide 
theory and m ethod support fo r  the se lection  o f  bands in  
tree species classifications.

The data source cam e from  W orldV iew -2 im age o f  
H ohhot city on  31 A ugust 2011, at a panchrom atic band  
spatial reso lu tion  o f  0.5 m  and eigh t m ulti-spectral band  
spatial reso lu tion  o f  2 m. Table 1 show s the detailed  p a
ram eters o f  W orldV iew -2.

The study area im age features latitudinal and longitu
dinal ranges o f  m o3 9 '1 2 .6 5 " -m o44 '35 .31"E  and 
40°46 '27 .57"-40°49 '35 .04"N  respectively. The area o f  
the study location  to ta ls 42 sq. km. The data have been  
calibrated, fused  and atm ospheric-corrected  before use. 
To reduce the am ount o f  data com putation, in  the im age 
range, th rough  on-the-spot reconnaissance and fie ld  in 
vestigation , we selected a rectangular b lock  area w ith  
abundant tree species and cu t it out from  the W orldV iew -

2 im age. The sm all test area im age spans an  area o f  
2.45 sq. km. F igure 1 shows the position  relationship  
b etw een  the te st area im age and the panchrom atic, m ulti- 
spectral im age (RGB753 com bination).

The im age o f  the test area a t 1 : 2000 w as prin ted  and 
used fo r  fie ld  surveys. The results show ed the seven 
prim ary types o f  tree species in  th is area. O n th is im age, 
w e circled  sufficient sam ples fo r each  type o f  tree species 
and m arked the ir nam es. In  the laboratory, w e selected 
the sam ples carefully  and ensured train ing  sam ples and 
validation  sam ples show ed no overlapping and w ere 
evenly d ispersed  w ith in  the study area. The train ing  sam 
ples and validation  sam ples o f  each  tree species w ere 
draw n into the electronic im age in  the fo rm  o f  reg ion  o f  
interests. Table 2 show s the surveyed tree species and 
the ir sam ple selection.

Previous stud ies12-17 have show n tha t recursive feature 
e lim ination  (RFE) based  on som e classifiers (including 
support v ec to r m achines and m axim um  likelihood) can 
effectively  elim inate negative features, w h ich  are neces
sary fo r accurate classification. A lso, positive characteris
tics w ill be retained, and im portan t fea tu res can  be 
selected  to assist in  classification. This m ethod starts w ith  
an  entire feature set to elim inate the least im portant char
acteristics by rounds un til only certa in  features rem ain. 
F igure 2 illustrates the m ethodology flow  chart.

The steps o f  th is m ethod are as follow s: (1) the feature 
set T  contains all characteristics; (2) the train ing  sam ples 
(including only the characteristics in  the feature set T) are 
used to tra in  the classifier; (3) overall classification  accu
racy o f  O(i) is ca lcu lated  after deleting  characteristic i in  
the feature set T; (4) the characteristic i corresponding to 
m axim um  O(i) is deleted  from  the feature set T(T = 
T  -  i); (5) steps (2) to (4) are repeated  un til sufficient 
characteristics have b een  deleted; (6) M axim um  O (i) 
values are sorted, and the im portance o f  each  feature is 
analysed to ob ta in  the b est classification  im age.

As the speed o f  m axim um  likelihood c lassification  is 
fas te r than  tha t o f  support vec to r m achines and is m ore 
sensitive in  feature changes17, in  this study, w e used 
M LC -R FE to evaluate the im portance o f  W orldV iew -2 
bands. Then, d ifferen t band  com binations could  be 
selected  to analyse the accuracy differences o f  d ifferent
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Table 2. Information of surveyed tree species and samples

Leaf Pixel number of Precision
Common names Scientific names Type phenology training samples validation pixels

Weeping willow Salix babylonica Broad-leaf tree Deciduous 1107 1228
Pagoda tree Sophora japonica Broad-leaf tree Deciduous 1047 1245
Populus bolleana Populus alba var. Pyramidalis Broad-leaf tree Deciduous 1066 1250
Chinese pine Pinus tabuliformis Coniferous tree Evergreen 1064 1218
Qing qian Picea meyeri Coniferous tree Evergreen 614 968
Chinese junipers Sabina chinensis Coniferous tree Evergreen 1019 1016
Needle juniper Juniperus rigida Coniferous tree Evergreen 1047 1149

Figure 2. Methodology flow chart.

band com binations in the classification  process. Finally, 
the im portance o f  each band o f  W orldV iew -2 could  be 
sorted.

F igure 3 show s the rem oved bands (grey histogram ) 
and preserved  bands (blue h istogram ) obtained in  each 
round  based on M LC-RFE. As show n in Figure 3, in  the 
firs t round o f  elim ination, we elim inated  bands 1 -8  o f  
W orldV iew -2 in order. W hen band 2 (blue) w as e lim i
nated, O A  w as h igher than that o f  the other elim inated 
bands. Thus, w e assum ed that band 2 is un im portan t in 
tree species classification. Then, band 2 w as deleted  from  
the feature set. S im ilarly , in  the 2nd to  6 th  rounds, the 
green, coastal blue, near-in frared  1, red  and yellow  bands 
w ere elim inated  successively.

In  the sixth round  o f  elim ination, w hen band 6  was 
deleted (bands 4  and 8 participated  in  classification), the 
O A  w as 50.7311%  (K appa coeffic ien t w as 0.4253). 
W hen band 8 w as deleted  (bands 4  and 6  contributed  in 
classification), O A  reached  47.1375%  (K appa coefficient 
w as 0.3833). The classification  resu lts o f  band 4 com 
bined  w ith  band 8 w ere better than those o f  band 4 com 
bined  w ith  band 6, indicating  tha t band 8 is m ore 
im portant than  band 6.

The eigh t bands o f  W orldV iew -2 w ere sorted on im 
portance as follow s (from  im portant to  un im portan t): 
near-in frared  2 > red  edge > yellow  > red > near-infrared
1 > coastal blue > green > blue.

T able 3 show s the band elim inated  in  each round, 
corresponding O A  and kappa coefficients.
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Figure 3. Recursive rounds and band elimination. a, Elimination in the 1st round; b, 2nd round; c, 3rd round; d, 4th 
round; e, 5th round; f, 6th round.

Table 3. Table of recursive feature elimination

Recursive rounds Elimination band Overall accuracy (%) Kappa coefficient

Blue
Green
Coastal blue 
Near-infrared 1 
Red 
Yellow

74.0713
74.5479
73.8048
72.9469
69.8613
65.7380
52.9554

0.6974
0.7029
0.6941
0.6840
0.6480
0.5997
0.4501

A s presen ted  in  Table 3, w hen  all the eight spectral 
bands w ere involved  in  c lassification  (round 0), OA 
to ta lled  74.0713%  (K appa coeffic ien t w as 0.6974). W hen 
the b lue b and  w as elim inated  in  the firs t round, OA 
(74.5479% ) and K appa coeffic ien t (0.7029) o f  the c lassi
fica tion  reached the h ighest values, indicating  tha t the 
b lue b and  is un im portan t in  tree species classification. 
W ith  fu rther e lim ination  o f  the spectral bands, the OA  
and K appa coeffic ien t o f  classification  decreased, ind icat

CURRENT SCIENCE, VOL. 115, NO. 7, 10 OCTOBER 2018

ing  tha t the rem aining spectral bands are necessary fo r 
tree species classification  in  W orldV iew -2 im ages.

F igure 4 shows the recursive e lim ination  rounds o f  
spectral bands and the corresponding OA, 100*K appa 
coeffic ien t and 10*(OA -  100*KC).

The K appa coefficients in  Table 3 w ere m ultip lied  by 
100. The OA and 100 tim es o f  the K appa coefficient 
(KC) curves are com pactly  show n in  the diagram . C orre
spondingly, the distance betw een  O A  and 100 tim es K C
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Figure 4. Recursive rounds, corresponding OA, 100* Kappa coefficient and 10* (OA-100*KC).

Figure 5. Comparison of curves in important and unimportant band combinations.

Table 4. Band increment classification results

Increasing Overall Kappa
times Increase of bands accuracy % coefficient

1 Blue + (green) 40.9153 0.3080
2 Blue + (green + coastal blue) 44.1534 0.3457
3 Blue + (green + coastal blue + near-infrared 1) 63.4189 0.5728
4 Blue + (green + Coastal blue + near-infrared 1 + red) 64.9386 0.5907
5 Blue + (green + Coastal blue + near-infrared 1 + red + yellow) 67.7091 0.6232
6 Blue + (green + Coastal blue + near-infrared 1 + red + yellow + red edge) 70.1698 0.6974

w as m agnified  10 tim es, as also show n in the d iagram  (a 
purple curve w ith  a triangle).

The d istance betw een  the peak  o f  O A  and tha t o f  the 
100*K appa coefficient is short, ind icating  that the c lassi
fication  effect is better. C onversely , the classification  
effect is poor. F igure 3  show s that the distance betw een 
the peak  o f  OA and that o f  the 100*K appa coefficient 
w as closest in  the firs t round, indicating  that the classifi
cation  effect at tha t tim e w as the m ost ideal. F rom  firs t to 
sixth rounds, the d istance gradually  grew , show ing that 
the classification  effect p rogressively  w orsened .

To fu rther illustrate  the im portance o f  band selection  in 
tree species classification , the least im portant tw o band 
com binations w ere classified  after obtaining the sequence 
o f  im portance o f  the eight W orldV iew -2  bands. Then, in 
accordance w ith  the sequence from  unim portant to  im por
tant, the bands w ere gradually  com bined un til a com bina
tion  o f  seven bands w as com pleted . Table 4  show s the 
classification  results fo r each band com bination .

Table 4  show s that the OA o f the b lue band com bined 
w ith  the green band  (w ith im portance rankings o f  eighth 
and seventh) reached  40 .9153%  (K appa coefficient was
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0.3080). W ith  gradual increase in  the im portance o f 
spectral bands, the O A  and K appa coeffic ien t o f  c lassifi
cation  gradually  increased. The OA o f  classification  to 
ta lled  70.1698%  (K appa coeffic ien t w as 0.6974) w hen 
the seven spectral bands w ere totally  com bined.

F igure 5 displays the com bination  o f  bands from  bands
2 to 7, adoption  o f  the tw o form s, o rder from  im portan t to 
unim portan t and un im portan t to im portant, and the curves 
o f  the tw o m odels.

F igure 5 indicates that the OAs in  im portant tw o-band 
and seven-band com binations w ere h igher than  those in  
the unim portan t tw o-band  and seven-band com binations 
respectively. The increm ental classification  results o f  the 
elim inated  bands ascertained the poorest band  com bina
tion  m ode. C orrespondingly, the increm ental c lassifica
tion  results o f  the im portant bands ascerta ined  the b est 
band  com bination  mode. O ther form s o f  band  com bina
tions produced  classification  accuracies that w ill fall into 
the area enclosed  by  the tw o curves.

In  this study, four representative cell b lock  im ages and 
fou r representative classification  results w ere selected

from  the classification  results o f  the d iffe ren t band  com 
binations. F igure 6 show s the classification  results. F ig 
ure 6 a show s the orig inal im ages (RG B753); F igure 6 b 
displays the classification  results o f  the b lue band  com 
bined  w ith  the green  band  (the poorest com bination  o f  
tw o bands); F igure 6 c illustrates the classification  results 
o f  the red-edge band  com bined w ith  the near-infrared  2 
(the b es t band  com bination  o f  tw o bands); F igure 6 d  p re 
sents the classification  results o f  the coastal b lue band  
com bined w ith  the b lue, green, yellow , red, red  edge and 
near-infrared  1 bands (poor com bination o f  seven bands); 
F igure 6 e shows the classification  results o f  the coastal 
b lue band  com bined w ith  the green, yellow , red, red  edge, 
near-infrared  1 and near-infrared 2 bands (the optim al 
band  com bination).

In  F igure 6 a, A, B, C, D, E  and F represen t Sophora  
ja p o n ica , Sa lix  babylonica, P inus tabuliform is, Sabina  
chinensis, P icea m eyeri and P opulus alba  var. Pyram i- 
dalis  respectively.

As show n in  F igure 6 b, the classification  results o f  
Sa lix  babylonica  and P opulus alba  var. P yram idalis  are
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Figure 7. Classification results for the combination of optimal bands.

Table 5. Confusion matrix of the highest OA classification

Tree type
Salix

babylonica
Sophora
japonica

Populus alba 
var. 

Pyramidalis
Pinus

tabuliformis
Picea
meyeri

Sabina
chinensis

Juniperus
rigida

Total
row

User
accuracy

Salix babylonica 1053 168 5 88 0 50 0 1364 77.20
Sophora japonica 33 952 53 27 3 8 0 1076 88.48
Populus alba var. Pyramidalis 21 107 974 0 86 84 5 1277 76.27
Pinus tabuliformis 39 8 1 973 2 41 60 1124 86.57
Picea meyeri 1 3 139 13 680 249 27 1112 61.15
Sabina chinensis 81 7 57 62 175 523 193 1098 47.63
Juniperus rigida 0 0 21 55 22 61 864 1023 84.46
Total column 1228 1245 1250 1218 968 1016 1149 8074
Producer accuracy % 85.75 76.47 77.92 79.89 70.25 51.48 75.20
Overall Accuracy = (6019/8074) = 74.5479%; Kappa Coefficient = 0.7029

bette r than  those o f  the o ther tree species. H ow ever, the 
o ther tree species show ed a serious m ixing phenom enon. 
Therefore, the classification  results w ere rem arkably 
poor. In  F igure 6  c , the classification  results o f  Sophora
ja p o n ica  and Sa lix  babylonica  are b e tte r than  those o f  the 
o ther tree species. A  serious m ixing phenom enon was 
also observed in  these tree species. Thus, the c lassifica
tion  results w ere not ideal. The classification  results o f  
F igure 6  d  and e  are m uch b e tte r than  those o f  the first 
tw o classifications, and a certain  b u t unrem arkable d iffer
ence w as observed betw een  the tw o im ages. F igure 6 d, 
the classification  results o f  P opulus alba  var. P yram idalis  
w ere w orse than  those in  F igure 6 e , b u t Sophora ja p o n -  
ica  y ie lded  the reverse findings.

F igure 7 show s the optim al band  com bination  c lassifi
cation  results, and Table 5  lists the confusion  m atrix  o f 
these band  classifications.

As presen ted  in  F igure 7, recognition  o f  P opulus alba  
var. P yram idalis  on  roads, Sophora ja p o n ica  in  arbore
tum  and P inus tabuliform is  in  the park  w as good and was 
m ore consistent w ith  the actual condition. H ow ever, the 
recognition  o f  Sa lix  babylonica  and Sabina chinensis  w as 
unsatisfactory.

Table 5 details the confusion  m atrix  fo r tree species 
classification  o f  the optim al spectral band  set. The table 
also show s tha t the producer accuracy o f  W orldV iew -2 
tree species c lassification  ranged from  51.48%  (Sabina  
chinensis) to 85.75%  (Sa lix  babylonica ). O n the other 
hand, the u se r accuracy ranged from  47.63%  (Sabina  
chinensis) to 88.48%  (Sophora japon ica ). Large d iffe r
ences w ere observed in  the producer and user accuracies 
am ong the various tree species and betw een  the producer 
and user accuracies fo r the sam e tree species, ind icat
ing  tha t based  on  im age spectral inform ation, the
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classification  accuracies w ere not ideal and require fu r
the r exploration.

In  th is study, the spectral bands o f  W orldV iew -2 w ere 
used as signal sources, and M LC -R FE w as used to ana
lyse the im portance o f  the eight bands in  tree species 
classifications. The results show ed the follow ing: (1) In 
all band  com binations, the classification  that used the 
com bination  o f  b lue and g reen  bands d isplayed the low est 
OA (40.9153% ) and K appa coeffic ien t (0.3080). In  all 
band  com binations, the classification  m ade using  the set 
tha t included the near-infrared  2, red  edge, yellow , red, 
near-infrared  1, coastal b lue and g reen  bands y ie lded  the 
h ighest OA (74.5479% ) and K appa coeffic ien t (0.7029).
(2) In  tree species classification  using  W orldV iew -2, the 
im portance o f  the eight bands w ere sorted as fo llow s 
(from  im portan t to unim portant): near-infrared  2 > red 
edge > yellow  > red  > near-infrared  1 > coastal b lue > 
green  > blue.

The results o f  the p resen t study show ed tha t d ifferent 
bands m anifest d iffe ren t im portances. D ifferen t band  
com binations produced large differences in  classification  
accuracy, suggesting  tha t the selection  o f  partic ipating  
bands bears im portance in  tree species classification. 
A lso, participating  bands should be effectively  selected 
fo r tree species classification  to achieve ideal results. In  
th is study, using  M LC -R FE m ethod elim inated  the u n im 
portan t spectral bands by rounds and consistently  retained 
the m ost im portant spectral ones. Therefore, the optim al 
spectral band  set w ith  the h ighest accuracy has b een  ob 
ta ined  in  th is process.

M LC -R FE can  select the b es t band  com bination  re
quired  fo r  im age classification  and reduce the d im ension 
o f  the feature set. O ptim al index fac to r (OIF) is a  com 
m on selection  m ethod fo r  the b est band  com bination, and 
principal com ponent analysis (PCA) features an  im por
tan t app lication  in  feature set d im ension  reduction. OIF is 
ob tained th rough  the sum  o f  the standard  deviations o f  all 
bands d iv ided by the sum  o f the absolute values o f  the 
correla tion  coefficients betw een  these bands. OIF w as 
originally  used  to select 3 out o f  the n fea tures to con
struct the b es t feature com bination18; it w as la ter 
p rom oted to find  the optim al m ultiple feature com bina
tions19, and the best com bination  required  fo r a large 
num ber o f  com binations (C3  + C^ +------+ C%). C om puta
tional and analytic processes are m ore com plicated than 
M LC-RFE. In  addition, M LC-RFE can sort the im por
tance o f  features, w hereas O IF can only find  the com bi
nation  o f  the best features. PCA  uses an  orthogonal 
transform ation to convert a set o f  observations o f  possi
bly correlated variables into a set o f  values o f linearly 
uncorrelated  variab les called principal com ponents20,21. 
Then, the first few  principal com ponents w ith  large v a ri
ances are selected fo r classification, and the la tter p rinci
pal com ponents w ith  sm aller variance are d iscarded as 
noise. In  this case, inform ation that plays an  im portant 
role in  classification  may be lost. H ow ever, M LC-RFE

need not transform  the data set and elim inates the m ost 
useless features through com parison betw een  features 
w ith  a low  inform ation loss rate.

A ccording to the results o f  this study, w e can conclude 
that M LC-RFE is useful fo r im portant feature selection 
and can m axim ize classification  accuracy. The approach 
is suitable fo r sm all u rban  areas, b u t relevant experim ents 
on  how it perform s in  a com plex fo rest system  rem ain 
lacking. In  the future, w e w ill use this m ethod fo r high- 
d im ension feature reduction  and classification  o f natural 
com plex forest systems.
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Effect of humic acid application rates 
on physicochemical and fertility 
properties of sandy loam soil grown 
with mung bean under different 
irrigation water regimes
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A field experiment was carried out to evaluate the 
changes in some physicochemical and fertility proper
ties of sandy loam soil treated with three different 
rates of humic acid (HA) under three different irriga
tion water regimes. Soil bulk density and saturated 
hydraulic conductivity were decreased while organic 
matter was increased by increasing HA rates.
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Decreasing water regime and increasing HA rate 
increased soil salinity. Decreasing irrigation water re
gime increased nitrogen and reduced available phos
phorus and potassium. Increasing HA rate increased 
nitrogen and available phosphorus and potassium.

Keywords: D rip irrigation, m acro-nutrients, soil p ro 
perties, w ater stress.

CULTIVATING sandy and sandy loam  soils to m itigate the 
global food problem s using  least am ount o f  irrigation  w a
te r and m ineral fertilizers is greatly  required  and recom - 
m ended1. A lso, w ater stress is considered  to be one o f  the 
m ajor problem s in  global agricu ltu ral p roduction  w hich  
leads to a huge decrease in  crop y ie ld  especially  in  arid  
and sem iarid  regions, w here there is not enough  rain2.

B ased on  previous studies, hum ic acid (HA) w hich  is 
considered a v ita l constituen t and a friendly  p art o f  soil 
organic structure w as used to conserve w ater in  root-zone 
area3,4. Therefore, w ater availability  increases due to re 
duced run -o ff and deep perco lation  tha t u ltim ately  in 
creases crop yield. M oreover, app lica tion  o f  H A  helps to 
im prove soil physical and chem ical properties, i.e. w ater 
retention, perm eability , w ater infiltration, drainage, aera
tion, structure and nu trien t availability . As a  result, w ater 
usage w as reduced3,4 in  sandy loam  soil using  10 kg  ha-1 
o f  g ranular H A  w hich  decreased  soil bu lk  density (BD) 
and saturated hydraulic conductivity  (SH C) w hile in 
creasing  w ater ho ld ing  capacity , soil organic m atter and 
soil nutrients under fu lly  and w ater stress conditions5. 
B eside contain ing nutrients, hum ic substances can  chelate 
soil nutrients and im prove nu trien t uptake, especially  
phosphorus, sulphur, n itrogen  and zinc because they act 
as a  sink fo r such nutrients6-9.

In  arid  regions, w ater resources are lim ited  and the 
m ajority  o f  cu ltivated  land contains light tex tured  soils 
(sandy and sandy loam ). U sing  H A  as a soil am endm ent 
could  be a p ractical op tion  to increase w ate r and fertilizer 
efficiencies. Therefore, the presen t study w as aim ed at 
evaluating  changes in  soil organic m atter, soil bu lk  densi
ty, saturated hydraulic conductivity , soil pH , soil salinity, 
to ta l n itrogen  and available phosphorus and po tassium  o f 
sandy loam  soil treated  w ith  d iffe ren t rates o f  H A  under 
d ifferen t irrigation  w ater regim es.

A  field  experim ent w as carried  out fo r tw o consecutive 
seasons o f  2 015-2017  a t the A griculture R esearch  Station 
o f  K ing A bdulaziz U niversity  located  at H ada A l-Sham , 
110 km  northeast o f  Jeddah, KSA. The soil texture o f  the 
experim ental site w as classified  as sandy loam. The de
sign o f  the experim ent w as a  sp lit p lo t w ith  four rep lica
tions. The p lo t size w as 6 m 2 (2 m  x 3 m). The m ain  plo ts 
com prised  three irrigation  w ater regim es. The first 
represen ted  fu ll irrigation  (100% ) w ater requirem ent 
(W R). The second and th ird  w ere 80%  and 60%  o f the 
firs t regim e, and represented  stress treatm ents. The full 
irrigation  w ater requirem ent w as calcu lated  based  on the
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