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Abstract— The increasing level of land conversion from fertile farmland towards infrastructural purposes land such as residential
and industrial land results in the devolving of the expansion of maize area from fertile land to land marginal. Maize is one of the
crops that is being targeted for development planning in the food and agriculture sector. To improve food self-sufficiency, especially
maize, commodity, proper management of the production processes such as crop water requirement and the intercropping pattern is
needed. The purpose of this study is to find out how much water needs of plants in intercropping maize with rice, and intercropping
corn with soybeans. To intensify food self-sufficiency especially maize commodities, proper management of the production process is
required such as crop water requirements and intercropping patterns aspects. The purpose of the research is to find out the value of
crop water requirements in intercropping maize with rice, as well as intercropping maize with soybeans. This research uses a
descriptive method which describes the crop water requirement affecting the productivity using software Cropwat 8.0. The results
show that crop water requirements of maize in intercropping with rice is 406.3 mm while water requirement with soybean
intercropping is 408.6 mm during the growing season. The average productivity of maize intercropping with rice was 7.454 ton/ha of
a dry kernel, whereas, in intercropping maize with soybean, productivity value of maize is 7.88 ton/ha of a dry kernel. The best
combination, according to the productivity and the crop water requirement, is the maize intercropping with soybean. The difference
in productivity is up to 5.7 percent with only 2.3 mm additional water demand for maize and intercropping rice plants.

Keywords— crop water requirement; Cropwat 8.0; Rice; Soybean; Intercropping.

marginal lands. These marginal lands can reduce crop
I. INTRODUCTION productivity due to environmental stresses such as drought

Maize (Zea mays L.) is one of the grain crops of the grassor nutri_ent deficiency. However, th_e marginal Ian_ds in
family[1] and the world's most important crops besides rice Indonesia have_ an enormous potential Igrge potentlal_lgnd
area. The marginal land area was approximately 100 million

and wheat[2], [3]. Food demand will continue to increase in _ ;
line with the increasing population of Indonesia. According hectares included dry land, tidal land, and peat land. In West

to data from the Indonesian Statistical Center in 2013, theJava I?rovince_,_over one million he_ctares dry land has been
2010 population census showed that the number 0fpotentlally utilized with appropriate management and
Indonesian population was 237.6 million inhabitants[4]—[6]. technology. . . - .
Based on the last 10-year data, the population increased with Increasing the intensity of land use will increase the yield
an annual growth rate of abou,t 1.49 percent. Maize has thé)f maize. Unpredictable rainfall severely limits the intensity
potential to help secure the food supply especially to of land use. Implemer!tation .Of integrated farming patt.ern
accomplish the food diversity. Maize is one of the crops thatabOUt clrgmatg aspect 'j Crléc'al [7]'. [8]. Doubleh crophplng
becomes the target of development planning in the field ofSyStem has been introduced to various crops through crop
food and agriculture and includes in the national food self- rotation or intercropping. Maize-soybean intercropping and
sufficiency plan in Indonesia until 2019[5], [6] sweetcorn-chili pepper intercropping is suitable to increase

The land conversion from fertile lands to settlements and (€ intensity of land use[9], [10]
industries raise the expansion of maize cultivation areas to

1364



By analyzing the crop water requirement, a selection of irrigation water needs and schedule. As input data, some
treatments can be determined in maize and paddy crops or ibasic data is needed in the form of climatological data,
intercropping with soybean to produce maximum production monthly rainfall data, plant data, and soil physical properties
and the volume of water that can be saved during thedata.
intercropping cultivation period can be predicted [11].

Factors affecting the value of the crop water requirement areB- Method

the value of Crop Coefficient (Kc) and potential To obtain the value of crop water requirement using
evapotranspiration value (ETo)[12], [13]. Evapotranspiration Cropwat 8.0 software as follows:

(ET) is a combination of two processes of evaporation and
transpiration. Evaporation is the process of evaporation or
loss of water from soil and water bodies (abiotic), while

1) Input climatological data:lnput climatological data
in the form of a minimum and maximum temperature, air
L . humidity (%), wind speed (m/s), and the duration of solar
transpiration is the process of water discharge from plantsirradiation (%) included the altitude, latitude and longitude

(biotic) due to the process of respiration and value of research location that re : :
. . presents Arjasari Sub-
photosynthesis[14]-{16]. The combination of two separate district. The data were collected for ten years (2006-2015)

processes where water loss from the soil surface t.hro.ughfrom the Meteorology, Climatology, and Geophysics Class |
evaporation and water loss from plants through transplra'uon.B(,jmdung In this step, ETo value on every month or ETo per

One way to determine the crop water requirement one is - ;
by utilizing software Cropwat 8.0 compiled by FAO[15]. gzﬁr(r:grll R/leoﬁtb;ﬁ“hr]se ?\A;L]ngTO values obtained are based on

The water requirement of the plant can be determined by the

estimation method where the estimation of the water 2) Input monthly rainfall amount data in the Rain
requirement of the plant (ETc) is equal to the potential section. Rainfall data becomes one of the factors that
evapotranspiration value (ETo) multiplied by the crops determine the value of crop water requirement. Rainfall data
coefficient (Kc). The Penman-Monteith equation is used in used is for the last ten years in the period 2006 — 2015. At
determining the potential evapotranspiration value in the location of the study. There is no rainfall station so that
Cropwat 8.0 [12], [17]-[21]. Main factors that determine the the use of regional rainfall. In determining the precipitation
potential evapotranspiration value in the Monteith Penmanarea used Polygon Thiessen method. To get the value of
equation are temperature, solar radiation, wind velocity, airrainfall area by using Polygon Thiessen method need at least
humidity, and ambient temperature. By using Cropwat 8.0 rainfall data from 3 rainfall station: Cipaku, Ciherang, and
software, we can find out the needs of crop water during theCibeureum Station. By utilizing the map of Citarum
growing season by utilizing irrigation from rainwater in field watershed. The area can be determined the vast of each

research. polygon. Location of research was determined based on
coordinate points on the map. Data processing is done by
II. MATERIAL AND METHODS calculating the average monthly rainfall data for ten years of
) data available. At this stage, an effective rainfall value is
A. Materials obtained based on the FAO method with AGWL formula. If

The research was conducted in the Agriculture Researchthe amount of rain is more than 70/3 mm, then the rain
and Development Center of Universitas Padjadjaran ineffectivity value can be calculated by the equation: Peff =
Arjasari, Bandung West Java Indonesia at February — July0.8 * P - 24/3.

2016. The method used in this research is a descriptive
method that compares the crop water requirement based on
calculation by using software Cropwat 8.0 in intercropping
maize with rice, and also in intercropping maize with

soybean. Observation of maize productivity in tons/ha was
conducted to see the correlation with the crop water
requirement.

Data of rainfall in the last ten years were obtained from at
least three rainfall stations located in around the District
Arjasari. The stations used for calculating the precipitation  4) Input soil characteristic datanput soil characteristic
area on the intercropping. Maize with rice was Cipaku data in Arjasari sub-district based on soil physical
Station, Ciherang Station, and Cibeureum Station, while oncharacteristic test result. The software needs some general
the intercropping maize with soybean were Cipaku, soil data like total available soil moisture, maximum rain
Ciherang, and Cileunca stations. infiltration rate, maximum rooting depth, initial soil moisture

Climate data for the last ten years in the period 2006 —depletion, and initially available soil moisture.

2015 were obtained from the Meteorology, Climatology, and
Geophysics Class | Bandung. Climatological data required
were maximum temperature, minimum temperature, wind
speed, air humidity, and the duration of solar irradiation. All
the data were calculated to get the average for the last te
years.

Cropwat is a software released by FAO (Food an
Agriculture Organization) to facilitate the analysis of

3) Input crop characteristic data: Input crop
&haracteristic data include the number of days at each growth
phase, Kc value at each growth phase, root depth, critical
depletion value, and crop yield response factor. The yield
response factor (Ky) is the ratio of relative yield reduction to
relative evapotranspiration deficit that integrates the weather,
crop and soil conditions that make crop yield less than its
potential yield in the face of deficit evapotranspiration.

5) Obtaining the value of daily crop water needs (ETc),
ETc/decade:After entering all the data on each required
component, the value of daily crop water needs (ETc),
F,Tc/decade value can be obtained. In addition to the ETc
value in the Crop Water Requirement menu (CWR), the
¢ @mount of irrigation required on each crop stage is displayed.
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[1l. RESULT AND DISCUSSIONS The effect of the wind on evapotranspiration is through
o the mechanism of water removal vapor coming out from the
A. Referencévapotranspiration pores of the leaf. The greater the wind speed. The greater the
Potential evapotranspiration value based on the evapotranspiration arm that can occur. Compared with the
calculations  using Cropwat 8.0, the potential effect of solar thermal radiation. The effect of the wind on
evapotranspiration values are listed in Table .The highestthe evapotranspiration rate is smaller. Soil moisture also has
potential evapotranspiration value occurring in September ofa role in influencing the occurrence of evapotranspiration.
4.62 mm/day or 138.99 mm/month. During the highest Evapotranspiration takes place when the vegetation is not in
potential evapotranspiration planting season occurs in Marchshort supply water. In other words. Potential
of 3.71 mm/day or 114.89 mm/month. If the value of evapotranspiration takes place when the soil moisture
evapotranspiration is high, then there is high evaporationconditions range from the point of wilting point and field
also so that the amount of crop water requirement will be capacity.
higher. Conversely, if evapotranspiration is low, the crop )
water requirement will be small. B. Rainfall Data
The dominant factors affecting evapotranspiration are Based on data in Table I, the amount of rainfall in a year
solar thermal radiation and temperature, relative humidity at the maize with intercropping rice area was 2.200 mm
and the wind, and in general, the magnitude of while the number of effective rain was 1.490.6 mm. This is
evapotranspiration will increase as temperature, solarthe sum of the effective rainfall value each month. The peak
thermal radiation, humidity, and wind speed grow larger. rainy season was 346.0 mm occurred in December with the
The effect of solar thermal radiation on evapotranspiration iseffective rainfall was 252.8 mm. while the lowest rainfall
through the process of photosynthesis. In regulating the lifewas 30.0 mm occurred in August with the effective rainfall
of the plant requires the circulation of water through the was 8.0 mm. At the maize with soybean intercropping area.
root-stem-leaf system. The circulation of the water travel The amount of rainfall in a year was 2.083.0 mm with the
from the bottom (roots) to the top (leaves) is acceleratedeffective rainfall was 1.666.4 mm. The peak rainy season
with an increasing amount of solar thermal radiation to the was 335.0 mm occurred in December with the effective
vegetation concerned. rainfall was 268.0 mm. while the lowest rainfall was 33.0
The effect of temperature on evapotranspiration can bemm occurred in August with the effective rainfall was 26.4
said to be directly related to the intensity and duration of mm.
solar radiation. The hotter and drier climate change which

. . X : ) TABLE Il
involved an increase in mean air temperature with a RAINFALL AND EFFECTIVE RAINFALL
reduction in rainfall amount caused a higher yield reduction
[22], [23]. The impact of higher temperatures on maize yield Maize with rice Maize with Soybean
might also be related to the reduction of kernel set. Maize Intercropping Area Intercropping Area
yield could reduce due to exposure to above optimal Month . Effective . Effective
Rainfall : Rainfall X
temperature  threshold [24], [25]. For example, (mm) Rainfall (mm) Rainfall
photosynthesis was reported to perform better within the (mm) (mm)
optimal limit while maintenance respiration increased with | Jan 221.0 152.8 182.0 145.6
an increase in tgrr]perature.which could reduce the growth of o 218.0 1504 2240 179.2
the plant by limiting assimilate supplf25]. However,
further research is needed that the temperature that wil| March 300.0 216.0 301.0 2408
affect the evapotranspiration is the leaf temperature and nof April 294.0 211.2 275.0 220.0
the air temperature around the leaves. May 179.0 119.2 1520 1216
TABEL |
DAILY AND MONTHLY REFERENCEEVAPOTRANSPIRATIONV ALUE June 68.0 30.8 64.0 512
Month ET, ET, July 35.0 11.0 39.0 31.2
mm/day mm/month August 30.0 8.0 33.0 26.4
January 3.79 117.59 Sept 54.0 22.4 58.0 46.4
February 3.86 108.01 oct 146.0 92.8 124.0 99.2
March 37 114.89 N 309.0 223.2 296.0 236.8
ov . . . .
April 3.80 114.09
May 3.54 109.68 Dec 346.0 252.8 335.0 268.0
June 3.40 102.14 Total 2200.0 1490.6 2083.0 1666.4
July 3.62 112.27
August 4.24 131.35 This data is obtained based on data processing over the
September 4.62 138.46 last ten years (period 2006 — 2015). However, there are
October 235 134.99 dlfference_s in results on the valu_e of e_ffectlve rain or_80%
chance rainfall because of effective rainfall. This is rainfall
November 3.84 115.21 . . . . .
that can be utilized by plants. Effective rainfall is the rainfall
December 391 12118 in an area and used for crops growth.
Average 3.89 118.32
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Based on the classification of the climatic type according season. Kc value in the initial phase constant is 0.9 entering
to Oldeman in maize with intercropping rice area the development phase the Kc value keeps increasing from
experienced wet months(rainfall of more than 200 mm) for 0.9 to 1.04 (Table IV). Kc in the mid-season phase is
four months in a row in January— April while experiencing relatively constant at 1.3. At the end of the mid-season phase
dry months (rain less than 100 mm) for four months in a row until the end of the planting period. The value of Kc
that is in June — September. The climate in 2006-2015 waglecreases.it is indicating that the amount of crop water
included in climate type D3. While in the maze with soybean requirement in the late-season phase is decreasing until the
intercropping area experienced wet months for three monthsend of the growing season. The lowest Kc value was 0.66
in a row in February— April. While experiencing dry months when harvesting.
for four months in a row that is in June — September, the i
climate was also included in climate type D3. Climate type D- Crop Water Requirement
D3 means the area suitable for planting once a year depends Crop water requirement is a given amount of water lost
on the irrigation supply. due to crop evapotranspiration (ETc). In other words. The

- value of the crop water requirement is given equally to the
C. Crop Coefficient (Kc) amount of plant evapotranspiration. The value of daily or

Before determining the value of crop water requirement, decadal crop water requirements for maize intercropped with
crop coefficients (Kc) data was needed. Different Kc valuesrice can be seen in Table IV.
for each plant type. Kc values used in this study based on the
Kc values listed in Table 12 in FAO Irrigation and Drainage TABLE IV

Paper No. 56 Crop Evapotranspiration. In general, there are CROPWATER REQUIREMENTVALUE (ETC) FORMAIZE
INTERCROPPEBWITH RICE

four phases in the growth stage consisting of the initial phase; ETc Eic
development phase, mid-season phase, and late phase. Whilgonth | Decade | Phase| Kc
in FAO book the value of Kc is known only in three main mm/day | mm/decade
phases that are the initial phase, mid phase, and the lat§arch 1 Init 09 338 34
phase. For the development phase, Kc was ranged between . :
initial phase Kc values with mid-season phase Kc value. Kg Marc 2 Init | 0.9 3.34 334
data on maize and rice, as well as soybean. Are presented iMarch 3 Dev 0.9 3.37 37.1
Table Iil. April 1 Dev | 0.96 3.61 36.1
TABLE Il April 2 Dev 1.04 3.94 394
CROPCOEFFICIENTVALUE FOR MAIZE. RICE. . -
AND SOYBEAN Aprll 3 M|d 111 413 413
Crop Coefficient May 1 Mid | 1.13 4.11 41.1
Crop Phase i
(Ke) May 2 Mid | 1.13 4.01 40.1
Initial 0.9 May 3 Mid | 1.13|  3.96 436
Maize Mid 1.2
June 1 Late 1.06 3.66 36.6
End 0.6
Initial 0.4 June 2 Late 0.86 2.93 29.3
Soybean Mid 1.15 June 3 Late 0.66 2.29 22.9
End 0.5 July 1 Late 0.55 1.95 1.9
Initial 11 Total 406.3
Rice Mid 1.2
End 1.05 The result of data processing with Cropwat 8.0 shows
Source: Alleret al. 1998 different Kc value in each decade. If the input data value of

Kc was the biggest is 1.2 after the obtained result turns out

For the Kc value in the development phase, it is assumedhe highest value of Kc is 1.13 in a mid-season phase that is
to be equal to the Kc value in the mid-season phase becausauring the third decade of April until May.
the Kc value in this phase lies between the initial phase and The largest crop water requirement occurs in the mid-
the mid-season phase so that the highest value is Kc midseason phase, which is the third decade of May. While the
season. In general. The value of Kc of these two plants is notowest water demand value occurs in the late-season phase
so significantly different; there is only a small difference because at this time the plants are ripe perfect so that the
between the values of Kc in each phase. In rice plants. Theequired water is not much needed. The plants need the most
Kc value in the core and late phase is higher than that of corrwater when it occurs in the process of forming the fruit as
But in the development and mid-season. The value of Cornrequires more energy to make fruit formation in the phase
Kc is the same as the Kc value of rice. towards the late-season. The value of water demand is

Maize planting time was done two weeks after planting reduced because of the process of fruit ripening. The growth
rice and soybeans as the insertion plant that is in the firstof the crop has been maximized so that no longer develop
decade of March. The crop coefficient of maize obtained the growth process and approaching the harvest phase. The
based on data of Cropwat 8.0 software during planting crop will dry out.
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The amount of maize crop water requirement during the Table V. The highest crop water requirement occurs in the
growing season is 406.3 mm. The value considered to balevelopment phase that is on the third decade of May with
normal because the water requirement of maize is about 40@he value of water requirement of 45.3 mm while the lowest
mm to 700 mm. The value obtained is the minimum water demand during the growth phase occurred in the initial
requirement because of the high rainfall happened and theghase of 32.7 mm. At this phase. The plant has not grown so
water requirement is sufficient. The water demand in the that the water needs were low.
initial to mid-season phase is increasing despite the decline The crop needs the most water when it occurs in the
in the crop water requirement in the first decade of April. process of forming the fruit because the plant body is getting
During the mid-season phase. The crop water requiremenbigger and requires more energy for the process of filling the
was relatively equal towards the late-season phase. Therain of rice. In the phase towards the late-season. The water
water demand decreases to the lowest point at harvest timedemand is reduced because at this time the fruit/grain
The crop water requirement for rice also needed to beripening. The growth of the plant has been maximized so
calculated as in the intercropping system. Rice plants havehat the growth process stopped. The amount of rice water
different growth phases with other plants where there arerequirement during the planting period from February to the
two phases before the initial phase. The nursery phase. An@nd of July is 711.3 the value of crop water requirement for
land preparation. The nursery was directly done in the fieldrice with long life was ranged between 720 mm - 2.160 mm.
so that the growth phase starts from the phase of landThe value obtained was less than the standard in general. But

preparation. close to the minimum value of the water needs of rice. The
TABLE V rainfall occurs large enough that the water requirements
CROPWATER REQUIREMENTVALUE OF RICE become less.
ETc ETc TABLE VI
Month | Decade Phase Kc /d /d CROPWATER REQUIREMENTVALUE (ETC) FOR INTERCROPPINGOF MAIZE
Land mm/day | mm/dec WITH SOYBEANS
February 1 1.05 4.03 24.2
Prep Decad ETc Decad ETc
February| 2 | 2" | 105 405 | 405 Month | ~°°%C | (Maize) | Month | “°7% | (Soybean)
Prep mm mm
February 3 Initial | 1.07 4.09 32.7 March 1 3.34 February 3 15
March 1 Initial 1.1 4.13 41.3 March 2 33.4 March 1 15
March 2 Initial 1.1 4.08 40.8 March 3 37.1 March 2 18.5
March 3 Dev 1.1 412 45.3 April 1 36.3 March 3 39.3
April 1 Dev | 1.11 4.2 42 April 2 39.7 April 1 41.9
April 2 Dev | 1.13| 4.29 42.9 April 3 41.6 April 2 42.3
April 3 Dev | 1.14| 4.24 42.4 May 1 414 | April 3 41.2
May 1 Mid | 1.15] 4.19 41.9 May 2 404 May ! 39.8
v 2 id T 2.0 209 May 3 43.8 May 2 27.7
il ! ' : : June 1 368 May 3 53
May 3 Mid 1.16 4.04 44.4 June > 295
June 3 Late 1.13 3.94 394
Total 408.6
July 1 Late 11 3.9 39
July 2 Late 1.07 3.86 38.6 it b ¢ h h that th |  th
can be seen from the graph that the value of the crop
July 3 Late 1.03 3.95 35.6 water requirement of each decade is up and down this
Total 711.3 happens because of the different potential evapotranspiration

value in each decade. In the initial phase until the beginning

The number of days during the rice growth to harvest of the development phase. Crop water requirement tends to
phase is 155 days starting from the third day of February toincrease in the next decade. During the development phase.
the third day of July. The rice growth phase begins during The crop water requirement relatively the same which is
the initial phase to the late-season phase. The landabout 42 mm. From the mid-season phase to the end of the
preparation phase is necessary to calculate the crop watdkte-season phase. The crop water requirements continue to
requirements during the preparation of the land to grow rice.experience a slight fluctuation. In July. The crop water
The length of the initial phase day is 30 days, the requirement decreases approaching the harvest. Also. In
development phase is 40 days, and the mid-season phase étimating the crop water requirements in intercropping of
45 days as well as the late-season phase for 40 days. maize with soybeans are presented in Table VI.

For rice the value of the crop water requirement will be  There is a significant increase in the value of water needs
different at each phase where it's affecting value is Kc andin the flowering phase. Water requirements during
the number of days in each growth phase. The value of cropegetative and reproductive periods require considerable
water requirements in each growth phase for rice is shown inwater. While the period leading up to harvest requires very
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little water [11], [22]. Then it also corresponds to the greater rooting density with depth in the soil profile for
increased coefficient of the plant in the middle of the greater access and extraction of soil water. The drought
growing season and decreases at the end of the growingolerance of the maize varieties was enhanced by changing
season. The reduction of water demand at reproductive phasthe relative root distribution function and the lower limit of
can be explained by storage of higher soil moisture in thesoil water availability. Which is the level of soil water below
profile in the deep black soil and also less water requirementwhich roots cannot extract water from the soil. for each soil
of the crop during maturity phase due to less green leavedayer[22], [29].
[25], [26]. The result of this crop water requirement was The value crop water requirement can be a reference to
obtained after the calculation using Cropwat 8.0 on eachprovide irrigation in plants. Especially in the dry season. In
maize and soybean. The result of crop water requirementhis study. Irrigation water was not provided but only used
was summed. That is 408.6 mm for maize and 272.4 mm forrainfall during the growing season from February to July.
soybean. The crops grown in the dry season needs mor8ased on water requirements that were obtained. The value
water than those grown during the rainy season in short-ternof can is used as an evaluation by looking at the value of
crop. The range of water requirement for lowland rice was yield reduction or decrease in yields.
particularly high. Because the meteorological parameters .
were very high with less or no rainfall [11], [27], there are E- Crop Productivity
differences in the case of total water requirement for crops Maize is harvested when the plants are already browned.
that the high productivity can be achieved with the optimum Corn kernels and filled with the color of reddish-orange
guantity of water if all other agronomic practices are seeds. The cornhusk begins to dry. Rice crops are harvested
followed [22]. when the panicle is yellow, and paddy grains are fully
However. If the estimation of crop water requirements in loaded with rice. By using the software, Cropwat 8.0 can be
the intercropping pattern is compared with the estimation ofknown the possibility of decreasing results that will occur
crop water requirement in a single maize pattern. Then thewhich is influenced by the crop water requirement and the
estimated value of water demand obtained in single maizeirrigation provision. Maize in intercropping with rice with
pattern is 408.6 mm/season. The value obtained in the singl€rop water requirement of 406.3 mm showed the
maize pattern is different from the intercropping pattern. productivity value was 7.454 ton/ha of the dry kernel. In the
Maize used either in single maize or intercropping patternintercropping pattern of maize with soybean. The
has the same varieties. The number of plants. The amount oproductivity value of maize is 7.88 ton/ha of the dry kernel.
plant area. The spacing between rows and other supportingdased on the comparison of the production values. The
factors. So that in the single pattern of maize obtained theproductivity of maize is better if planted with intercropping
same results of the crop water requirement as the amount opattern with soybeans. Although the number of productivity
maize crop water requirement on the intercropping patternstill in the range number of 7 tons/ha. The value of maize
before added to the amount of soybean water demand. Thi@nd soybean productivity is higher.
means that the amount of crop water requirement in a single
maize pattern is smaller than the intercropping maize pattern. V. CONCLUSIONS

This is caused by the calculated Kc value for intercropping is gased on the result of the study, the crop water
different from Kc in the single maize pattern. The study is requirement of maize intercropping with rice is 406.3 mm.
calculated by rainfall than with the estimation of the water \yhile the crop water requirement of maize intercropping
requirement. Can meet the water needs in the plant. This cagip, soybean is 408.6 mm. The average productivity of
be seen physically from the results of good plant growth andpaize on intercropping with rice is 7,454 ton/ha of the dry
not experiencing drought stress. Water is important to theyernel, whereas, in intercropping of maize with soybean,
plant as a solvent, a cooling agent, and as a reagent. Fog oqyctivity value of maize is 7.88 ton/ha of the dry kernel.
maintaining structure by keeping the pressure inside cellsthe pest combination, according to the productivity and the
high enough so that they are fully expanded (i.e.. turgid). crop water requirement, is the maize intercropping with
When the plant wilts. Its turgor approaches zero. The Ceussoybean. The difference in productivity is up to 5.7 percent

begin to collapse. Membranes suffer damage and proteingyith only 2.3 mm additional water requirement then maize
such as key enzymes can be denatured as their structure IRtercropping with rice.

altered. Cells can recover from drought stress. However, the
damage must be repaired. And this takes time (0.5 to 7 days). ACKNOWLEDGMENT
If the damage is too great. the cells die [23], [28] ) .
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plants. The direct effect of water stress on plant physiology
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