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AN ABSTRACT OF THE THESIS OF

Abdul Ghafur Chaudhri for Master of Science in Agriculture
. Majeor: 3Sells

Title: Effect of N, P, and S on yield and compoéition of
8ix semi-dwarf wheats grown under irrigation.

In a field experiment on a calcareous clay soil
46.5 to 478 kg per hectare each of N, P, and S were applied
to irrigated semi-dwarf wheats, Jaral-66, Pitic=62,
Penjamo-62, TZPP-An 64, Sonora-64, and Rogue-66, before
planting on November 14, 1966, - The application of N
significantly increased grain yield and plant height and
decreased protein percentage of grain. The effects of P,
S, and the interactions were generally small, Applied P
increased protein percentage of grain of two varieties.
Pitic, yielding up to 6.89 metric tons of grain per
hectare, was the outstanding variety followed by Penjamo.,

The application of N increased soluble nitrate-=N-
of Pitic leaves at tillering, but reduced it at the dough
stages Applied P resulted in a probably real decrease in -
nitrate-N of the leaves at tillering. The application of
N significantly reduced the soluble P and S contents of
leaves at the boot and dough stages. Applied S increased
soluble-=S in leaves at all stages. At the boot stage,
N application resulted in a slight increase in total N,
but the P and S concentrations were greatly reduced., The
application of 5 significantly increased total S and probably
increased total P concentration of leaves, The decreasing
effects of applied nutrients, especially N, on soluble
nutrients of leaves at boot and dough stages were attributed
to their translocation from leaves to heads for grain
formation. Leaf sheath and stem-base tissues of young wheat
plants have been suggested for studying critical levels of
nitrate=N., Split application of N, before planting and at
boot stage, has been suggested to obtain higher yield of
high protein grain. If irrigation facilities and an
adequate supply of nitrogenous fertilizers are provided
the introduction of Pitic or a similar high yielding short-
statured variety for general cultivation holds great
promise for wheat production in the area.,
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I. INTRODUCTION

Efforts to increase yields of wheat by applying
high levels of fertilizers,.jend to result in lodging, and
reduced yields. High yielding short-—statured varieties
which are resistant to lodging have been developed. some
of the short-statured wheats have demonstrated broad -
adaptation and high yields in Pakistan, Turkey and some
other countries. Most soils of the area are deficient in
N and P, and protein formation of wheat grain requires .
considerable amounts of both nutrients along with S. There
is an evident need, therefore, for information on the
effects of the application of N, P, and S on high yielding
shorf-statured wheats grown under irrigation in areas new °
to these varieties.

The balance sheet of the soil budget with respect
to these nutrients may be reflected to varying degrees in
the nutrient content of the leaves at various stages of
plant growth. Relatively little information is available
on the "eritical levels" of nutrients in wheat under
conditions suitable for high yield levels. More information
is neceded on the effects of applied N, P, and S on the

protein concentration of grain. An experiment on the

effect of N, P, and S application on the yield and



composition of six semi-dwarf wheats grown under irrigation
was carried out in the Beqafa plain of Lebanon with the
following objectives:

1. To determine the semi-dwarf varieties best
suited under irrigation in Lebanon.

2, To study the response of these wheat varieties
to N, P, and 8 application in-relation to plant
height, lodging énd yield of grain.

3, To study the effect of these nutrients on the
protein concentration of wheat grain.

4, To study the criticalllevels of nutrients in

the leaves at various stages of growth.



II. REVIEW OF LITERATURE

A number of reports on the effects of N, P, and S
application to commonly grown tall varieties of wheat are
available. However, because of only recent interest in
short-statured varieties, information regarding these
wheats is limited. Some of the available reports on N,

. P, and S application to wheat have been reviewed.

Effects of N Application

Effects on Grain Yield

Hamdi et al. (1962) reported 15 kg per feddan*

of N as ammonium nitrate to be the most economical
treatment for wheat on calcareous loam soil (pH 8.5) of
.Egypt. Aziz and Bajwa (1965) reported that Mexican wheats,
Pitic-62 and Penjamo-62, yielded 49 and 51 maunds** per
acre respectively with the application of 60 1b N per acre

under irrigation in 1964-65 in West Pakistan. Nitrogen at

the rate of 120 1b combined with 60 1b P2O5 per acre
resulted in 57.07 and 53.77 maunds per acre yields of Pitic

snd Penjamo respectively at Kalabagh. With 60 1b N plus

, * One fTeddan = 1,058 acree.
¥%¥ One maund = 82 1b.



60 1b P205 per écre, Pitic yielded 55 maunds per acre at

Maraka .

In fertilizer trials on irrigated Mexican Wheats_at
Lyallpur, West Pakistan¥*, Pitic~62 and Penjamo-62 yielded
54.62 and 51,26 maunds per acre respectively with.?20 1b
N application, while the controls yielded 50.84 and 48.74
maunds per acre, respectively. The following year, fenjamo-
62 and Mexipak (red) yielded 54,03 and 59,98 maunds per
acre respectively with 150 1b N application and the control
plots yielded 47,64 and 52.18 maunds per acre, respectively.

Porter et al. (1964) reported that 15 short-statured wheat

selections grown under irrigation in Texas with 60 1lb per

- acre of N before seeding and 45 1lb in February, gave an -
average yield of 4040 1b per“écre Without 1bdgihg és
compared to 3160 1b per acre for commercial varieties.
Woodward (1966) found that early N application to hard red”
winter wheats increased yields of semi-dwarf varieties

more than those of tall varieties and that yield increases
were primarily due to production of more tillers,

Effects on Percentage Protein in Grain, Plant Height and
Lodging |

In two years experiments in southern Alberta,

Russell et al. (1958) reported increase in protein content

¥ Personal communication from Mr. Manzoor Ilahi Raja,
Agricultural Chemist-I, Ayub Agricultural Research
Institute, Lyallpur, West Pakistan.
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" at two of the three fields where N was applied. Eck et al,

(1963) and Woodward (1966) also reported increase in protein
from N application to wheat. Woodward (1966 ) further
reported that N application increased plant height and

lo dglng o

Effects on Leaf Composition

Reports on this aspect of wheat are limited., Seth

et al. (1960) investigated the effect of stage of growth

with four varieties and reported that no differences were
found in total N content of vegetativé pérts of high and

. low protein wheats prior to heading. After heading, there
was a general tendency for the high protein varieties to
have.a lower protein content in vegetative parts than the
.low protein varietiesn Greenwood (1966) gréw wheat plants
in nutrient solution with different_levels of N and showed’
that totél N and free ninhydrin N in the youngest fully
expanded leaf increased with increasing concentration of N
in nutrient solution., Symptoms of N deficiency occurred
on all plants which had a concentration of total N of

less than 3.9 percent at 3 weeks or of 2.6 percent at 5
weeks after emergence. The total N concentration of
youngest fully developed leaf was reported to be about

1.6 percent at 100 ﬁercent N stress and 7 percent for
absence of stress at an aferage age of 4 weeks. It was
further stated that at a nitrogen stress of 100 percent

there remains a pool of about 600 ppm free ninhydrin N



"existing in the youngest fully expanded leaf of Gabo
wheat, evenqthough growth ip terms of dry matter would be
prevented by N deficiency. Symptoms of N deficiency
appeared in plants with a concentration of 1400 and 800 ppm
ninhydrin N in the leaf at % and 5 weeks, respectively. A
value of 3000 ppm may be taken as indicating the absence
of nitrogen stress at 4 weeks. BRoatwright and Haas (1961)
showed that the concentration of total N in wheat leaves -
was maximum at early stage and declined with advaﬁcing
- plant growth., Application of 45 lb N as_émmonium nitrate
per acre increased N, but decreased P content of leaves
especially at early stages. Combineﬂ N-P application
generally deéreased N content of leaves, but increased P
content. Nitrogen concentration of leaves due to N
application was somewhat higher during most of the growing

L7

peri(}dn

Effects of P Application

' Significant yield increase of spring wheat was
.reported by Olseﬁ and Gardner (1949) from the application
of 40 1bD P205 per acre as superphosphate to a fine sandy
loam calcareous soil. From two years experiments on three

areas of southern Alberta, Russell et alo (1958) reported

that wheat yield was increased 1in two areas in 1955 and in
one area in 1956 by applications of 10=40 1b P2 - per acre

slong with N. The application of P significantly reduced



the protein increasing effect of N in one area in one year,
‘but had no consistent effect in the other experiments.

- Hamdi et al. (1962) reported that on a calecareous loam

soil (pH 8.5) there was no significant yield response to

the application of 16 kg P205 per feddan as superphosphate.

After seven-year trials, Eck et al. (1963) reported yield
response to P applications in five c_,:;:e.:'ﬂLéo:La’ts‘':mly«r rGfain
‘protein was decreased. Aziz and Bajwa (1965) reported high
yields of short-statured Mexican wheats with coﬁbined
application of N and P under irrigation in West Pakistan.
In fertilizer trials on irriéated Mexican wheats at
Lyallpurr West Pakistan*, the yield of Pitic-62 and Penjamo-
62 increased from 52.52 and 50,85 maunds per acre with

60 1b N application, to 61.67 and 53%.78 maunds per acre
reépectively when 60 1b N was applied in combination with #
60 1b P per acre. In another season, the yield of Penjamo-
62 and Mexipak (red) increased from 47.93 and 58.00 maunds
with 225 1b N application to 53.03 and 65,37 maunds per
acre respectively when 150‘lb 5 pef acre was also added.
However, Woodward (1966) found no significant increase in
yield, height, lodging or percent protein of grain from P

application to semi-dwarf and tall wheats. ILipsett (1964)

* Personal communication from Mr. Manzoor Ilahi Raja,
Agricultural Chemist-I, Ayub Agricultural Research
Institute, Lyallpur, West Pakistan.




observed that in hiéh yielding varieties of wheat, higher
yields were not associated with a higher P uptake and their
relatively lower P content was associated .with success in
selection for dry matter yield where the uptake of the
nutrient was limited. Regarding leaf camposition Magnitski
(1961) stated that the application of superphosphate sharply
increased P content of wheat leaves and advancing maturity
decreased it. Boatwright and Haas (1961) showed that
combined application . of 45 1b N as ammonium nitrate-and

4% 1b P as superphosphate per acre, generally decreased

N content of leaves but increased P .content when compared'

- to the application éf N alone. The concentration of P in
leaves was maiimum at early stage of plant growth and the
effect of fertilizerlwas prominent at early stage 6n1ya

The application of fertilizer had very little effect on

P concentration of all vegetative plant parts as a whole. =

Effects of S Application

Reviewing the S requirements of crops Beaton (1966,
'-pp 267) stated that even though cereals are regarded as
having low S requirements, some experiments have shown
response to direct applications of 8. In some studies
showing no direct response to S5, there was a strong N=S
interaction and it appeared that S needs depended upon the
levels of other nutrients such as P, K; and partioﬁlarly,

N. Wheat yielding 40 bushels per acre per year absorbed



9-12 1b S per acre per year (Beaton 1966, pp 275). Work
of Jordan and Baker (1959) showed that the application of
S-material improved the yield of wheat as much as 30
percent. |

From the foregoing review it can be concluded that
N application generally increased grain yield, piant height,
lodging, total N of leaf, and protein content of grain of
wheat. Application of P or S increased yields in:some
areas. P application had little effect on protein.'

percentage of wheat grain. Reports on leaf composition

are limiteds.



III. MATERIALS AND METHODS

A field experiment was carried out 1n 1966-67 to
study the effect of N, P, and S on yield and protein
content of wheat grain. The effect on leaf composition
with respect to soluble nitrate-N, phosphate-P, sulfate-
S, and total N,P, aﬁd S Was.also studied. In this experiment
lsix semi-dwarf wheatsiwefe grown under irrigation at the

Agricultural Research and Education Center (AREC) in the

Bega'a plain of Lebanén¢

Experimental Design

A central composite,_rotatable; factorial.design
as described by Cochran and Cox (1957, pp 350) was used
for each of the six varieties. This design allows the
study of response due to three variables (five levels
each) and their interactionstwith a total of 15 treatment
combinations. One of these treatments is replicated six
times in order to make possible the determination of
experimental error. The levels of N, P, and S used in
this experiment were varied according to a logarithmic
scale (to the base 2) and were coded (Table 1) ag -1.68,
-1, 0, +1, and +1.68, as required by the design. The

statistical computations were done by IBM 1620 computer.

10



Table 1, Levels of applied N, P, and S,

Levels Coded levels B, P, 8nd o
(1og2 scale) kg/ha
1 -1.68 46 .5
2 -1,00 T 50
5 O 150,0
4 +1.00 | 300, 0
5 +1.68 478,0

The varieties of semi-dwarf wheat used were:

1. Jaral-66.

2. Pitice=62,

3. Penjamo-62.

4. TZPP-An 64 (not yet established as a variety).
5. Sonora=64.

6. Rogue—=66,

Field Procedures

The experiment was established on = calcareoﬁs soll
in the Bega'a plain of ILebanon. The land had been in a
‘non=irrigated fallow-vetch-wheat-barley rotation and had
been under wheat the previous year. The field was plowed
after the removal of the previous wheat crop and subtilled
twice before planting the experimeﬁt.

Field layout of the experiment was in six p@rallel
strips, with each randomly allocated to one variety. Each

strip was divided into 21 plots, each %.5 x 3 m, to which

11



the 15 fertilizer treatments were randomly allocated.

Treatment combinations applied to each plot, as required
by the statistical design, along with an additional one,
ﬁithout fertilizer (not part of the experimental design)

have been shown in Table 2.

-

Fertilizer Application

- Phe sources of N, P, and S were ammonium nitrate,
concentrated superphosphate, and calcium sulfate
respectively. The total required quantities of the three

fertilizers were applied before planting by use of a

small, hand-driven fertilizer spreader, which was previously

calibrated for the delivery of the three fertilizers.

Planting

Thirteen rows of each variety were planted on
November 14, 1967. Planting was done by calibrated Planet®
Jr. drill with its setting at 25 which gave an average
seed-rate of 67.5 kg per hectare. Row to row distance

was 20 cm and the depth of planting was 5 cm.

Irrigation

Sprinkler irrigations were given to assist germi-
nation and seedling emergence., During winter, rains
provided enough moisture for the crop. After the cessatlon
of winter rains, the plot boundaries were ridged to make
basins. The first irrigation by gated pipe was given on

March 9, 1968, followed by weekly irrigations. At each

5

12



Table 2., Treatment combinations of H,‘P, and
S, applied for irrigated wheat.
Treatment Variables, coded levéls
N P g
1 - - -1
2 +1 =9 i
s -1 + 1 -1
4 +1 +1 -1
Z =1 -1 +1
6 +1 — +1
T -1 + 1 + 1
8. +1 a0 4
9 +1.68 -6 0
10 ~1.68 0 0
-1 O +1.68 O
12 O -1.68 O
13 9 ) +1,68
14 O O -1.68
15 O O O
16 O O O
17 U 0 0
- 13 O O O
19 o) 0 O
20 O O O
21 No fertilizer (not part of the

experimental design).

13



14
irrigation the plots were flooded to about 5 cm depth and |

kept ponded for about one hour. The last irrigation was
given on June 19 except that variety Pitic was still green

and was given an extra irrigation on June 26.

Weeding and Leaf Sampling

The crop was hand-weeded twice during the growing
season. Leaf samples consisting of 50 leaf blades each
were taken at five dates (Table 3). An attempt was made
to select fully developed, recently matured leaves, but
this was difficult during the earliest growth stage.

Table 5., Leaf samplihg dates and
treatments sampled.

Sampling Date Growth Treatments
Nos stage sampled
1 March 2, 1967 Tillering All
2 April 6, 1967 Jointing 9-15 only
3 April 27, 1957 Boot A1l *
4 May 18, 1967 Heading 9-15 only
5 June 4, 1967 Dough All

leasurements of Plant Height

After the plants had cesased growing in height,
three plants per plot were measured on June 15 and the

average heights were reported.

Harvesting and Threshing

As the varieties matured, the middle 1.5 m length
of the five middle rows from each plot was harvested,

giving a harvested area of 1.5 m2 per plot. dJaral, Penjamo,
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T7PP, and Sonora were harvested on June 26, Rogue oﬁ June
29, and Pitic on July 3. The harvested material, with.its
heads tied in cloth or paper bags, was hung to allow 1%

to dry in the sun until July 13. Threshing was done by
electrically operated thresher and the grain obtained

was brought to the laboratory for moisture and crude

protein determinations.

Laboratory Procedure

The grain from each plot was weighed and its
moisture content was determined by model EH Universal
Moisture Tester. The grain yield was corrected to
and reported at 14 percent moisture. The leaf samples as
brought from the field were oven-dried at 70°C., The dried
leaves were ground to pass a 40-mesh sieve and stored for

&

chemical analysis.

Analyvtical Methods

Crude protein of grain was determined on duplicate
2 gm samples by the Kjeldahl method as described by
Horwitz (1965, pp 3%28).
| Witrate-N was determined by the method described
by Johnson and Ulrich (1959, pp 45).
Phosphate-P soluble in 2 percent acetic acid was

determined by the method of Johnson and Ulrich (1959,

pp 49‘52)¢



16
Sulfate-S soluble in 2 percent acetic acid was

determined turbidimetrically according to the method of
Jackson (1962, pp 265-=266). |

For total P and total S, one gram samples were
digested by wet oxidation with nitric acid and perchloric
acid according to the method'reported by Johnson and
Ulrich (1959, pp 32-33). Subsequently P and S were
determined as'reported for 2 percent acetic acid extfacf,

Motgl N of leaves was determined by the Kjeldahl.

method as described by Horwitz (1965, pp 16 )



IV, RESULTS AND DISCUSSION

A field experiment was conducted on a calcareous
clay soil at AREC in the Bega'a plain of Lebanon to study
the effect of applied N, P, and S on-plant height, grain
yield, protein’canteﬁt of grain, and leaf cbmposition of
six semi-dwarf wheats grown under irrigation.

The predicted values were calculated from a
regression equation (Cochrag and‘Cox, 1957, pp 350) which
was modified as follows to include the three-way inter-

action:
Y =Db, %+ b.Xs # B BoXo + BaaXk 2 BsaX 4
e s sk hUply & BqiR1 ¥ Bagms B
5 .
Where Y = predicted values
by= mean with all variables applied at coded "O" levels

b

b etc = regression coefficients

- e
Xqs %o XB - coded levels of N, P, and S, respectively.
A positive first order regression coefficient indicated
that the slope of the response curve was upwards at the non
coded levels of all variables. As the level increased there
was a corresponding increase in the propertiy measured. A
negative first order coefficient indicated the reverse. A

positive squared effect indicated a positive or less negative

change of the slope of the response curve in the direction

17



of increasing application rate of the element concerned,
while a negative squared sign indicated the reverse. A
positive tﬁo-way interaction indicated that at a high level
of one variable, as compa;ed to a low level, the response

to the other variable was more positive or less negative.
The three—way interaction effect depended on the combination
of levels of all variables. The net effect of any one
variable depended on the combination of levels for all
variables and the magnitude of the various regression

coefficients involved.

Effects of N, P, and S on Grain Yield

Increasing the yields oi grains is a major factor
in increasing food productioﬁa .In persuance of this
ébjective, the effects of N, P, and S application at five
levels each, on the grain yield of six irrigated semi-
dwarf wheats was studied., The first order regression
coefficients for the effect of application of N were
significantly positive for all varieties of wheat studied
(Table 4, Figure 1). The effects of P, S, and the
interactions were small in general indicating little effect
on grain yield. The effect of P was significant on Sonora
variety only and was negative. The N—P interaction was
significantly positive for the Sonora and negative:.for
TZPP, but was not very important for the other varieties.

The N-S interaction was significantly negative for the

18



19

*JUSTOTIFO00 UOTFBTAIXOD 9TA T TN

°*TOAST %F 1e Pﬂﬁﬂﬁ%ﬂgwﬁm ¥
*ToAOT %G 3B JUBOTJTIUSTIS «
*(Ys) o011 prepuwys UBY) Joyeead esneoaq Tedl ATQBQOJ

846°0 GL3°0 096°0 086°0 6.8°0 AL L28°%0 .Fm
6£G0°0+  OFLL*O+ 69500+  98€0°*0+ . 1660°0+  L8¥e'o+  2G80°0+ s
¢l 80°0~ oLl 0~ GLLOO— _mmmmoao+ xSl 0L °0- S G2e0°0+ Sd N
2L20°0+ 880L°0-  ,GLLL°0— %x00£2°0+  2LG0*0+  GLLO"O+  G290°0+ sd
mmmmo.0| *88L£°0- .0600°0- mmNQOQOi 2920°0+ G2L0°0- QOL0 "0~ SN
88r0° 0% . ¢l B8l "0t xx06L2°0+* =242LL°0~ 8860 °0+ 0441 °0- 00LO*0+ dN
0070°0+  L¥80°0+ 02¥0°0+  L820°0+ 9¢L0°0+  8¥8L°0+  ££90°0% 1s
220L0%0~ 0901 %0~ BG00°0F x9080%0+ . GLlo%0- ' _B195%- .zleo’or S
mmbmo.Ol 7900 ° 0+ r2eo o+ .mrﬁmo.o+ G400 °0+ mhwhNuOI *GG9L *0- mm
Sl LAOTOT | 368070 ,9CS0%0t sxvi@LtDE  GPOLT0% | ,1BE2TO% Ll %0 N
CL¥0*0+  2L80°0+ ZCVO*OF  9620°0F  6GL0°0F  tO6L°0+  £G90°0+ e
Legco™or  9¥90*0+ . 10S0%°0t . 6LTO"0% Lev0* O+ LVt ot  60R0%0~ S
L E850%0~ ", BREL Oy /w9901 70~ . B1G0%0" . BEL0T0T .EELOYOT . JER0LTDE d
x%xGLEV O+ %9740+ 2x%x99VC 0t x%xcbVV°0+ %xV19G°0+ *¥97¢9*0+ xxelL2°0Ot N
7889°2  £60£°Z 9¢GE°2  96G6°L 9866 °Z L6SE Y  SBLLYE Oq
'Y /SU0) OTILI
o5_JIOAY oNns O BIOUOQG ST ol usJ OT1Td TBIB P SUWIS,],
*squUaUNBAIYL § pue ‘g ‘N £9q pa1o9IFe Se 1BOUM JO SOTIOTIBA XIS
Jo (ean3sTowW JO %¥|) PISTL UTBIS JI0F SIUSTOTIIS00 UOTSSaIIY ¥y 8Tq®B]



(a) Grain yield (b) Plant height
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Figure 1. Predicted grain yields, plent heights,
grain protein contents, and leaf nitrate-N
contents for Pitic (1), Sonors (2), and
the average for 6 varieties (3) at
tillering stage, as affected by increasing
N application with P and S held constant
at +1 and -1 coded levels, respectively.
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Rogue variety but relatively small fof the other varieties.
The P-=S interaction was significantly-positive for the TZFP
variety. -The three-way N-P-S interactlon was significantly
negative for the Penjamo variety. The lack of response to
P application was attributed to a "medium" level of
available soil phOSphoruS according to the Olsen method.
Differen;es among varieties in yield of grain were
confounded with possible soil differences because eachl

variety constituted a single strip across the slight

slope. However, assuming soil differences to be negligible,

and using the error term for the average of all experiments
(Appendix, Table 18) the LSD between variety means at the

5 percent level was 0,613 when calculated from the probable
range/s ratio (Snedecor, 1946, pp 98). Comparing the b,
terms for varieties (Table 4), Pitic was significantly
greater in yield than Penjamo, which was significantly
greater in yield than the other four varieties, Pitic,
yielding up to 6.89 metric tons per hectare of grain
(Appendix, Table 11), appeared to be the outstanding

variety of the six under conditions of this studye

Effects of N, P, and S on Plant Height

The yield of wheat grain is limited if excessive
plant height induces lodging. In an effort to increase
grain yield by the application of fertilizers, especially

nitrogenous ones, the effects on plant height must be
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considered. The regression coefficients (Table 5) for all
the six varieties indicate that N application increased
plant height highly significantly (Figure 1b)., Similar
results were repbrted by Woodward (1966) on semi-dwarf
wheats, The N-P interaction tended to be negative for the
three tallest varieties, Pitic, Penjamo, and TZPP, and
positive for tﬂe three shorter varieties, _ThiS'indicates
a possible role of P application in keeping the varieties
reasonably short in the face of the need for high levels
of applied N to increase the yield. The P-5 interacticn
tended to be positive for the four taliest variet%es and

- negative for the shortest varieties indicating that a

low level of S would enhance the shortening effect of
applied P. Thus, a combination of high levels of applied N
and P combined with a low level of applied S would result
in a high yield and still keep the plants reasonably short.
Pitic, the tallest variety, reached a height of 109 cm at
the highest level of applied N (Appendix, Table 12)

snd was on the verge of lodging at the time of harvest,
Thus, further efforts to increase grain yield of this

variety must be with a view of avoiding any further increase

in height.
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Effects of N, P, and S on Crude Protein
Content of Wheat Grain

The proteins in food grains are desirable from the
"point of view of human and animal nutrition. Nitrogen is
an essential constituent of all, and P and S of some,
proteins, The application of N, P, and © may have an
effect on the crude protein content of grains. The
varieties Pitic and Penjamo, which had the greatést yield,
were least in the level of protein (bo values, Table 6),
Application of N resulted in considerable decrease in
percent. protein in all varieties except Jaral (first
order regression coefficients, Table 6, Figure 1c). The
decrease in protein content parallelled the increase 1in
yield from N application (Table 4) with Jaral having the
least yield response to N. As N is a major constituent
of protein, deficiency of N would be expected to decrease
the concentration of N in the grain. In thié case, where
all the N was applied before planting, the effect was to
greatly increase the total yield of grain resulting in
dilution of the protein. Therefore, attempts to increase
protein percentage by application of N would probably
involve ensuring an adequate supply of soil N at the

time of grain formation by applying additional N at or
just prior to that stage. However, with the tallerL
varieties, excessive height due to high N application might

be a problem,
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Woodward (1966) found that the protein percentage
of. semi~dwarf wheats was increased by N and not by P
application. In the present experiment on the other hand,
the crude protein percentage of three of the six varieties
was significantly decreased by N application, while that
ofhtwo was significantly increased by P application. The
exPlanation-for.the decrease in protein content may be
found in the observations of Wood and Fox (1965)., It was
reported that total protein seemed to be a function of
total grain yield rathér than of percent protein. With
Ino application of N application of water increased protein
percentage in grain, but where N was applied at sowing
time (as was the case in the present experiment), water
application lowered percent protein. The nitrogen-water
interaction was therefore, very important in this respect.

Sosulski et al. (1963) have also reported that the protein

content of wheat grain, grown with 40-200 1lb N per acre

under different moisture stresses, varied between 10,2 and
23,0 percent and that moisture regime was the chief
controlling factor, Under high moisture regime applying

200 1lb N per acre did not raise the protein level above

12,7 percent. It appears, therefore, that future work in
maximizing grain and protein yields of irrigated wheat should
involve the effects of moisture stress and irrigaﬁion
freqguency.

The application of P resulted in a positive effect
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on the Rogue and TZPP varieties both of which have relatively
high protein levels (Table 6). The application of S had
variable effects resulting in a positive first order effect,
ﬁhich was significant for Rogue and probably real for Pitic,
There was a probably real negative first order effect for

the Penjamo and TZPP varieties, The N-P interaction effect
on protein content of grain was negative and probably real
for the-two shortest varieties, Sonora and Rogue. The P=S
interaction was probably real and positive for Sonora and
Rogue and negative for TZPP,

The results of this study indicate a considerable
decrease in percent protein of grain from application of N
at the same time that grain yield is substantially increased.
Future work should emphasize application of N such that
yield and protein content of grain are both maximized.

Effect of N, P, and S Application on
Leaf Composition

The plant food nutrients absorbed by the plant from
the soil are metabolised in the leaves., The nutrient
contents of the leaves at a perticular stage of development
of the plant may indicate the nutritional status of the
plant and the need for fertilizer application. Pitie
being the most promising variety, work on leaf composition

was concentrated mainly on this variety.
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‘Effect on Nitrate-=N

The nitrate-N concentration of leaves was found to
be less than 800 ppm (bO’ Table T7; Table 14) at all stages
of plant growth. The application of N resulted_in a prob-
ably real increase in nitrate-~N at an early stage of
development of the plant (March 2, Table 7; Figure 1d).
The effect of N application on the leaf nitrate<N of the
Pitic variety at later stages was negative. The reason
was probably related to the considerable grain yield
response to N, which resulted in N being translocated to
the heads rather than to the leaves., The June 4 sampling
of Penjamo (Table 7), the second high yielding variety,
indicated the same trend., However, the June 4 sampling of
Sonora (Table 7), which was a low yielding variety,
indicated a positive effect of N on nitrate=ll of leaves.
This indicates that the content of nitrate-N in leaves at
the time of grain formétion depends on the amount that is
moving to the grain and being utilized. Varieties with a
large yield potential have most of the available N moving
past the leaves, while a smaller grain yield results in
more leaf accumulation. It would appear that nitrate=N
content of leaves would be an indication of N nutrition
status only before heads start to form. Moreover,_the
early indication would be important in that additiﬁn&l N
could still be applied. Since the yield of grain was still

increasing at the highest level of N application, a definite
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‘eritical level could not be determined. However, a probable.

critical level of greater than 500 ppm at the early stage

is indicated although further data is needed. Phosphorus

application resulted in a probably real decrease in nitrate-

N of Pitic leaves at the early stage (Table 7). Application

of S had little effect on ﬁitrate—ﬁ concentration of leaves.
Murphy and Smith (1967) reported that wheat plants

sccumulated little nitrate-N and that N and P application

had little effect on nitrate-N content of wheat plant. The

results of the present experiment indicate some effect of

N application on nitrate=N concentration of wheat leaf,

and it brings to the forefront the need to search for a

tissue of wheat plant that is more sensitive to concentration

of nitrate-N. It was found from some later work that the

leaf sheaths and the stem—base of wheat plants had high

concentration of nitrate-N, which was sensitive to fertilizer

application.

Effect on Soluble Phosphate-P

The soluble phosphate-P of Pitic leaves tended o
decline with advancing plant growth (bo, Table 8)., The
effect of applicafion of N was insignificant at the initial
stage, but at the later stages (April 27 and June 4, Table
38) it decreased the soluble phosphate-P of leaf significantly,
probably because of the large positive N effect on grain

yield and more of the P moving from soil to the grain rather
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Table 8. Regression coefficients for soluble
P in Pitic leaves at different
stages of plant growth.

Terms March 2 Appil 27 June 4 Avérage
| ppm, dry basis

bg 2398, 73 2304 .6 1634 .6 2112,9
N +76.8 w220, 4% “lyegis " =197,.0"
P +47 .9 <7146 =39,1 ~20,0
S +7 15 +D53.7 +25.8 +50,2
8 +90. 1 +96.9 +63.9 +67 o 1
N2 60,4 =15.6 +39.6 11,7
p° +45,7 _42,2 BT e
g2 +45 .7 +48.,0 $69,7° +55, 4
S, +87.5 +94.,0 +62.0 +65 2
NP -91.3 2205 +51.3 -20,0
NS LASB.7" +35.0 1.5 30,0
PS ~%1.3 « 416,06 3163 ~57.5
NPS +38,8 +297,5% +46,3 #127.,5°
Sy +117.7 +126.5 +83.4 +87 7
R 0,592 0.770 0.742 0,656

Probably real because greater than standard error (sb)
¥ Significant at 5% level.
**¥ Significant at 1% level.

Multiple correlation coefficient,
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than leaves. The effect of P and S applicaticon was non-
significant but indicated a decreasing trend with advancing
plant development. The small effect of P application on

the P concentration of leaves indicated that P in soil was
probably not very deficient., The Olsen test for available

P in the so0il was "medium" and a further indication of
probable P sufficiency. A soluble concentration of 2500 ppm
at early stage appeared to be adequate for high grain yield
but no definite critical ie%el could be determined due to

lack of yield response from P application.

Effect on Scluble Sulfate-S

Pitic leaf accumulated high quantities of soluble
sulfate-S especially at the dough stage (June 4, Table 9).
Considering the average of three sampliﬁgs (Table 9), N
application significantly decreased soluble sulfate-S,
while S application increased it significantly. Application
of P resulted in little effect. The N=P-S interaction
effect was positive and significant. The P=5 interaction
was also positive and probably real. Considering soluble
sulfate-=S in leaves at the three sampling dates individually,
the depressing effect of N became more significant with
successive samplings. This effect of N can be attributed
to increased grain yield taking more of S to heads than 1o
the leaves., Application of S increased soluble sulfate-S

concentration of leaves. A relatively high concentration 1in



Table 9. Regression coefficients for soluble
sulfate-S in Pitic leaves at different
stages of plant growth.

Terms March 2 Aprdil 27" June 4 Average of
% complete
samplings

ppm, dry basis ;

B, 1589, 7 10573 4617.5 2415 .4

N ~122,9° ~183, 1%% 1429, 6** ~577 . 2%

P +64.8° w10 A +45,2 +40.8

S 418175  4oiB. ik 4pBq, 88 +196 4 3%

Sy, +50.0 £33.71 °  4202.8 +54.2

N° -102.6° +98, 1% +5,3 ~5,

p° 35,4 +119,3% 53,0 +10,5

g” +166.1%  +283.6%% 4293 ,4° F247T 43

N +48.5 2.7 +196.8 +52.6

NP -48,8 46,27 ~198.8 —66 42

NS +43,8 +46,2° =1%51,2 ~13.,7

PS +51,2 +46,2° +283%,8° s128.8°

NPS +43,8 BT 1, 2% +566,2° +226 , 2%

S, +65.3 +44,0 +264,8 +70.9

R 0.763 0.845 0,933 0.917

e

3*

1

Probably real because greater than standard

Significant at 5% level.
** Significant at 1% level.

Multiple correlation coefficient.

error (sb)

92
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the June 4 sampling was pcssibly due to continued build
up of S from irrigation water. A soluble sulfate~S con-
centration of 1300 ppm of leaf at early stage appears to

be sufficient for a high grain yield.

Effect on Total N, P, and S Concentration

The results for total N, P, and S concentration
were available for only the middle sampling of Pitic leaf.
At this stage-the effect of N application on total N
concentration was relatively small (Table 10) except at the
highest rate of N application (treatment 9, Appendix
Table 17). At this stage, protein of the leaves had
started to be translocated to the heads and total N of
the leaves was generally not directly related to the supply
in the soil. Since much of the total P and S was in
soluble form at this stage, the large negative effect of
N and slightly negative effect of P application on total
P and S concentration (Table 10) can be attributed to their
movement to the heads for protein formation. The application
of S resulted in a slight increase of total P and a highly
significant increase of total S concentration of leaves.
The variocus interactions were similar for both total P and
total S concentration. The N-P and P-S interactions were
negative while N-5 and N-P-S interactions were positive.
The data on total N, P, and S concentration of leaf, at

the boot stage only,are insufficient to be a base for



Table 10. Regression coefficients for total N,
P, and S, in Pitic leaves on April

¥ Significant at 5% level.
#* Significant at 1% level.

Multiple correlation coefficient.

2y 1987,
Terms Total N Total P Total S
2 ppm _ppm

bO 2.0469 507925 27575

N ' 4+0,0254° ~317, 1%% ~3T5 , 2% %
P ~0.0049 T8, 9" 3T B
S +0,0099 $TT T +174 , 6%%
s +0,0180 +44,2 #4407
N° +0, 1568%* +175,6%* 4223, %%
p2 +0,0613% ~66,6% +66.1%"
32 -0.,0094 " +58.2e +89¢1e
8 +0,0175 +42,9 +39,5
NP ~0.,05506° ~62.8° -105.8°
NS ~0.0225 +93 8% +56,2°
PS ~0.,0100 ~20% ., 8% ~18%,8%
NPS +0.,0175 +158, 8% £ 141, 9%
S}, +0.0235 =l £535 1
R 0,875 0.926 0.848

<

Probably real because greater tlen standard error (s
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critical levels of these nutrients because their trans-
location from leaves to the heads for grain formation had
already set in. However, these results lend support to

the data on soluble nutrient concentration of Pitic leaf,



V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

A field expgriment on the effects of N, P, and S
application on yield and composition of six irrigated
semi-dwarf wheats was conducted in 1966-67 on a calcareous
clay soil at AREC in the Beqa'a plain of Lebanon. From
46ﬂ5 to 478 kg per hectare each of N, P, and S were
applied in a central composite, rotatable, factorial design
before planting Jaral, Pitic, Penjamo, TZPP, Sonora, and
Rogue varieties on November 14, 1966. The application of
N significantly increased plant height and grain yield,
and decreased crude protein percent of grain., The effects
of P, S, and the interactions were generally small,
Application of P tended to decrease plant height and
increased protein percentage of some varieties. Pitic,
yielding up to 6.89 metric tons of grain per hectare,
appeared to be the outstanding variety.among those tested,
followed by Penjamo.

Leaf composition of Pitic at tillering, boot, and
dough stages indicated that N application increased nitrate-
N at the initial stage and decreased it at the later stages
due to translocation to the heads. The applicatiop of P
"resulted in some decrezse of nitrate-N and increase of

soluble S at the initial stage. The application of N

o
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significantly reduced soluble P and S at the later stages.
A probable critical level of about 500 ppm nitrate=N is
indicated at the early stage but the need for further
work with more sensitive tissue is implied,

The application of S increased soluble S concen-
tration of leaves at all stages, The P-S5 and N«P-S
interactions were positive and probably real at later
stages. At the.boot stage, applied N only slightly
increased the total N and greatly reduced the total P and
S concentration of Pitic leaves. Total P concentration
was somewhat decreased by P application, and slightly
increased by S application. Applicaticon of S significantly
increased the S concentration. The decreasing effects of
applied nutrients, especially N, on soluble nutrients of
leaves at boot and dough stages, were attributed to their
translocation from leaves to heads during grain formation.

It was not possible in this experiment to establish general
critical levels for N, P, and S in the.leaves because of lack »,
of yield resﬁonse to P and S and because the maximuﬁ:response
to N was not attained. It appeared that 2500 ppm of soluble

P and 1300 ppm of soluble S were adequate under the conditions
of this experiment.,

It was concluded that the exploratory experiment

conducted established the possibility of obtaining
sufficiently high levels of grain yields to maeke irrigated

wheat an economically competitive crop.
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It is recommended that further study be done on the
rate and time of application of N. This is important from
the standpoint of meximizing grain yield and minimizing
the salt effect at the time of germination. Split appli-
cation of N may result in maximum yield levels without
drastically reducing the protein content of the grain as
found in this study. It is further recommended that
additional work be done on éorrelating the nitrate-N level
of specific plant tissues at various stages of growth with

‘the time and amount of additional N application.
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Table 17. Total N, P, and S of Pitic leaves
on April 27, 1967.

Treatment ToEal N | Total P Total S
; 70 ppm ppm
Dry basis

1 2ach %110 5480
e 2,51 2710 2630
D 2% 3720 4040
4 2acl 2470 2350
) 2055 3650 4070
6 - 2425 3050 3000
y 2.34 2810 3450
8 Sl 2570 2410
9 2e67 2660 %150
10 Zin D 3790 3420
2 2e 20 2960 29760
12 2.18 3000 2710
15 2«95 3650 3480
14 1. 95 3030 2330
15 2201 3100 2670
16 2. 15 2890 2710
7 2.06 3190 2860
18 2,05 3070 2740
19 2,07 3300 2950
20 195 2890 2520
21 2.65 4900 5090
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Table

22 o

Analysis of variance for scluble

phosphate-P of Pitic leaves at
different stages of plant growth.

March 2 April 27 .June 4 Average
Al
Total 19 19 19 19
Pirst order 3 5 9 3
Higher order i/ i 7 7
Error 9 9 9 9
Saebde
Total 152570 281812 110565 96205
Pirst order 18174 78476 46477 19632
Higher order 34855 88345 14109 55239
Error 99541 114993 49979 55239
MeSe |
First order 6058 26159 15492 6544 -
Higher order 4979 12620 2015 3048
Error 11060 12777 5955 6138
Coefficient of
variation % 13.9 15.5 14..4 1T

9
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Table 24, Analysis of variance for total N, P,
and S of Pitic leaves on April 27,
1967 .
Total N Total P Total S

daf s

Total 9 19 19

First order 5 3 3

Higher order 7 i i

Lack of fit 4 4 4

Error 5 -9 >
Sede ;

Total 0.,5557 269908 506928

First order 0.0104 153943 234814

Higher order 0.4102 16939 127906

Lack of fit - 0.1130 e5lse 151959

Error 0,0221 13293 11268
M.Se

First order 0,0035 51314 %% 78605 **

Higher order 0.0586%% 10991 18272%

Tack of fit 0,0282% 6433 5298 %%

Error 0.0044 2659 2254
Coefficient of D HeD BieD

variation %

* Significant at 5% level.
** Significant at 1% level.



